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1. General information  

Unless otherwise noted, materials were purchased from commercial suppliers and 

used without further purification. Column chromatography was performed on silica 

gel (200~300 mesh). Diastereoisomeric ratios (dr) were determined by 1H NMR. 

Enantiomeric excesses (ee) were determined by HPLC using corresponding 

commercial chiral columns as stated at 30 °C with UV detector at 254 nm. Optical 

rotations were reported as follows: [𝛼]𝐷
𝑇  (c g/100 mL, solvent). All 1H NMR spectra 

were recorded on Bruker Avance Ⅱ 400 MHz or Bruker Avance Ⅲ 600 MHz. 19F 

NMR spectra were recorded on Bruker Avance Ⅱ 376 MHz and Bruker Avance Ⅲ 565 

MHz. 13C NMR spectra were recorded on Bruker Avance Ⅱ 101 MHz or Bruker 

Avance Ⅲ 151 MHz with chemical shifts reported as ppm (in CDCl3, TMS as internal 

standard). Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, br = broad singlet, dd = 

double doublet, coupling constants in Hz, integration). HRMS (ESI) was obtained 

with a HRMS/MS instrument (LTQ Orbitrap XLTM). 

3-Amino oxindole hydrochlorides 4 were prepared according to literature 

methods.[1] 4-Amino pyrazolone hydrochlorides 2 were prepared following the 

reported procedures.[2] 

2. General procedure for (E)-α-aryl enal derivatives 1 

 

In an oven dried flask, 2-hydroxynaphthalene (1 equiv) was dissolved in CH3CN 

(0.3 M). NBS (1 equiv) was added to the mixture at 0 oC. Then, the reaction mixture 

was gradually warmed up to room temperature and stirred. After the reaction was 

completed, the solvents were removed. The crude product was then purified by 

chromatography on silica gel (petroleum ether/ethyl acetate) to give S1. 

 

Compound S2 was prepared according to the literature.[3] To a solution of S1 (1.0 

equiv), cinnamaldehyde (2.0 equiv) and NaOAc (4.0 equiv) in CH3CN (0.2 M) was 

added diphenylprolinol TMS ether Cat. (0.1 equiv) under nitrogen atmosphere. Then 
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the reaction mixture was stirred at 80 oC. After the reaction was completed, the 

mixture was filtered and the filtrate was removed under reduced pressure. The crude 

product was added with EtOAc and washed with brine. The organic layer was dried 

with anhydrous Na2SO4 and concentrated. The crude product was then purified by 

chromatography on silica gel (petroleum ether/ethyl acetate) to give S2. 

 

To a solution of methyl ketone (1 equiv) in the mixture of AcOH (0.25 M) and HCl 

(4 M) was added glyoxylic acid monohydrate (1.5 equiv). The solution was heated to 

reflux for 18 h. After the reaction was completed, the solvents were removed under 

reduced pressure. The crude product was then purified by chromatography on silica 

gel (petroleum ether/ethyl acetate) to give S3. 

 

To a round-bottom flask with a magnetic stirring bar, S3 (1.1 equiv), phenol (1 

equiv), DMAP (5 mol%) and EDC·HCl (1.1 equiv) were added, and the resulting 

mixture was stirred in DCM (0.2 M) overnight at room temperature. After the reaction 

reached completion, H2O was added. The organic layer was then separated, and the 

aqueous layer was extracted with EtOAc. The organic layer was successively washed 

with brine. After drying over Na2SO4, the resulting solution was concentrated under 

reduced pressure. The crude mixture was purified by flash chromatography on silica 

gel with eluent of petroleum ether/ethyl acetate affording the corresponding pure 

compound 1. 

Compound 1a 

Yellow oil; 1H NMR (600 MHz, CDCl3) δ 9.87 (s, 1H), 8.01 

(d, J = 8.9 Hz, 1H), 7.95 (d, J = 7.4 Hz, 2H), 7.93 (d, J = 8.2 

Hz, 1H), 7.89 (d, J = 15.5 Hz, 1H), 7.80 (s, 1H), 7.65-7.60 

(m, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.53-7.47 (m, 3H), 7.45 (d, 

J = 8.9 Hz, 1H), 7.41-7.37 (m, 1H), 7.25-7.22 (m, 1H), 7.15-7.11 (m, 4H), 6.91 (d, J = 

15.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 192.7, 189.0, 163.4, 152.2, 145.9, 137.9, 

136.4, 135.1, 134.1, 133.5, 132.0, 131.5, 131.2, 131.0, 130.7, 130.4, 129.0, 128.9, 

128.7, 128.6, 127.3, 126.2, 124.9, 122.7, 121.4; HRMS (ESI) m/z Calcd. for 

C29H20NaO4
+ ([M+Na]+) 455.1254, Found 455.1254. 
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Compound 1b 

Orange solid; mp 72.2-72.9 oC; 1H NMR (400 MHz, 

CDCl3) δ 9.85 (s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.91 (d, J 

= 8.1 Hz, 1H), 7.80 (s, 1H), 7.61-7.51 (m, 3H), 7.49-7.34 

(m, 4H), 7.31-7.24 (m, 2H), 7.24-7.19 (m, 1H), 7.14-7.07 

(m, 4H), 6.72 (d, J = 15.7 Hz, 1H), 2.49 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 193.2, 

192.7, 163.5, 152.3, 145.9, 141.1, 138.9, 136.5, 135.0, 133.5, 132.2, 132.1, 132.0, 

131.5, 131.2, 131.0, 130.7, 130.4, 129.5, 128.7, 128.6, 127.4, 126.2, 125.9, 124.9, 

122.6, 121.4, 21.0; HRMS (ESI) m/z Calcd. for C30H22NaO4
+ ([M+Na]+) 469.1410, 

Found 469.1419. 

Compound 1c 

Orange oil; 1H NMR (600 MHz, CDCl3) δ 9.87 (s, 

1H), 8.00 (d, J = 8.9 Hz, 1H), 7.93 (d, J = 8.2 Hz, 1H), 

7.89 (d, J = 15.5 Hz, 1H), 7.82-7.77 (m, 2H), 7.74 (d, 

J = 7.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.50-7.36 

(m, 5H), 7.25-7.22 (m, 1H), 7.17-7.10 (m, 4H), 6.91 (d, J = 15.5 Hz, 1H), 2.43 (s, 3H); 

13C NMR (151 MHz, CDCl3) δ 192.7, 189.2, 163.5, 152.3, 145.9, 138.9, 138.1, 136.4, 

135.1, 134.9, 133.5, 132.0, 131.5, 131.0, 131.0, 130.7, 130.4, 129.4, 128.9, 128.7, 

128.6, 127.4, 126.2, 126.2, 124.9, 122.7, 121.4, 21.4; HRMS (ESI) m/z Calcd. for 

C30H22NaO4
+ ([M+Na]+) 469.1410, Found 469.1403. 

Compound 1d 

Light yellow solid; mp 79.3-79.8 oC; 1H NMR (600 

MHz, CDCl3) δ 9.86 (s, 1H), 8.02-7.97 (m, 3H), 7.93 (d, 

J = 8.2 Hz, 1H), 7.86 (d, J = 15.5 Hz, 1H), 7.80 (s, 1H), 

7.58 (d, J = 8.4 Hz, 1H), 7.50-7.47 (m, 1H), 7.45 (d, J = 

8.9 Hz, 1H), 7.41-7.36 (m, 1H), 7.26-7.24 (m, 1H), 7.20-7.16 (m, 2H), 7.14 (d, J = 4.4 

Hz, 4H), 6.92 (d, J = 15.5 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 192.7, 187.3, 

166.3 (d, J = 256.7 Hz), 163.3, 152.2, 145.9, 137.43, 135.0, 133.5, 132.8 (d, J = 3.0 

Hz), 132.0, 131.7 (d, J = 10.6 Hz), 131.5, 131.4, 131.0, 130.7, 130.4, 128.7, 128.6, 

127.4, 126.3, 124.9, 122.7, 121.3, 116.3 (d, J = 22.7 Hz); 19F NMR (377 MHz, CDCl3) 

δ -102.89; HRMS (ESI) m/z Calcd. for C29H19FNaO4
+ ([M+Na]+) 473.1160, Found 

473.1150. 
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Compound 1e 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 9.86 (s, 1H), 

8.00 (d, J = 8.9 Hz, 1H), 7.95-7.86 (m, 3H), 7.86-7.78 

(m, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.51-7.42 (m, 4H), 

7.42-7.35 (m, 1H), 7.26-7.22 (m, 1H), 7.16-7.10 (m, 

4H), 6.92 (d, J = 15.5 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 192.7, 187.7, 163.3, 

152.2, 145.9, 140.7, 137.2, 135.0, 134.7, 133.5, 132.0, 131.7, 131.5, 131.0, 130.7, 

130.4, 130.3, 129.4, 128.8, 128.6, 127.4, 126.3, 124.9, 122.7, 121.3; HRMS (ESI) m/z 

Calcd. for C29H19ClNaO4
+ ([M+Na]+) 489.0864, Found 489.0869. 

Compound 1f 

Light yellow solid; mp 97.2-97.8 oC; 1H NMR (400 

MHz, CDCl3) δ 9.86 (s, 1H), 8.00 (d, J = 8.9 Hz, 1H), 

7.92 (d, J = 8.2 Hz, 1H), 7.86-7.77 (m, 4H), 7.64 (d, J 

= 8.5 Hz, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.50-7.42 (m, 

2H), 7.41-7.36 (m, 1H), 7.25-7.21 (m, 1H), 7.16-7.09 (m, 4H), 6.92 (d, J = 15.5 Hz, 

1H); 13C NMR (151 MHz, CDCl3) δ 192.7, 187.9, 163.3, 152.2, 145.9, 137.2, 135.1, 

135.0, 133.5, 132.4, 132.0, 131.7, 131.5, 131.0, 130.7, 130.4, 130.3, 129.6, 128.8, 

128.6, 127.4, 126.3, 124.9, 122.7, 121.3; HRMS (ESI) m/z Calcd. for C29H19BrNaO4
+ 

([M+Na]+) 533.0359, Found 533.0350. 

Compound 1g 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 9.86 (s, 

1H), 8.01-7.85 (m, 5H), 7.79 (s, 1H), 7.58 (d, J = 8.4 

Hz, 1H), 7.50-7.41 (m, 2H), 7.40-7.33 (m, 1H), 7.24-

7.20 (m, 1H), 7.15-7.08 (m, 4H), 6.95 (d, J = 8.8 Hz, 

2H), 6.89 (d, J = 15.5 Hz, 1H), 3.85 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 192.8, 

187.1, 164.4, 163.6, 152.3, 146.0, 138.1, 135.1, 133.5, 132.0, 131.6, 131.4, 131.0, 

130.7, 130.5, 130.3, 129.5, 128.7, 128.6, 127.3, 126.2, 125.0, 122.7, 121.5, 114.3, 

55.6; HRMS (ESI) m/z Calcd. for C30H23O5
+ ([M+H]+) 463.1540, Found 463.1536. 

Compound 1h 

Light yellow solid; mp 91.2-92.0 oC; 1H NMR (400 MHz, 

CDCl3) δ 9.86 (s, 1H), 8.07 (s, 1H), 7.94 (d, J = 7.5 Hz, 

2H), 7.91 (s, 1H), 7.88 (d, J = 6.0 Hz, 1H), 7.80 (s, 1H), 

7.65-7.58 (m, 1H), 7.54-7.40 (m, 5H), 7.27-7.23 (m, 1H), 

7.18-7.08 (m, 4H), 6.91 (d, J = 15.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 192.4, 

188.9, 163.3, 152.7, 146.2, 138.1, 136.3, 134.6, 134.1, 133.3, 133.1, 131.2, 131.0, 
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130.7, 130.6, 130.1, 129.4, 129.0, 128.9, 128.8, 126.8, 123.1, 122.7, 120.4; HRMS 

(ESI) m/z Calcd. for C29H19BrNaO4
+ ([M+Na]+) 533.0359, Found 533.0354. 

Compound 1i 

Orange oil; 1H NMR (600 MHz, CDCl3) δ 9.85 (s, 1H), 

7.96-7.90 (m, 3H), 7.87 (d, J = 15.5 Hz, 1H), 7.80 (s, 1H), 

7.77-7.71 (m, 2H), 7.63-7.57 (m, 1H), 7.52 (dd, J = 8.7, 

1.4 Hz, 1H), 7.50-7.44 (m, 3H), 7.25 (dd, J = 12.1, 5.2 Hz, 

1H), 7.17-7.09 (m, 4H), 6.90 (d, J = 15.5 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 

192.5, 188.9, 163.3, 153.0, 146.7, 138.1, 136.3, 134.5, 134.2, 133.3, 132.9, 131.2, 

131.0, 130.7, 130.4, 130.3, 130.2, 129.7, 129.0, 128.9, 128.9, 127.2, 122.1, 122.0, 

122.0; HRMS (ESI) m/z Calcd. for C29H19BrNaO4
+ ([M+Na]+) 533.0359, Found 

533.0357. 

Compound 1j 

Light yellow solid; mp 72.7-73.4 oC; 1H NMR (400 

MHz, CDCl3) δ 9.87 (s, 1H), 7.99-7.87 (m, 4H), 7.84-

7.79 (m, 2H), 7.64 (m, 1H), 7.51 (m, 2H), 7.33-7.26 (m, 

2H), 7.19-7.10 (m, 5H), 6.92 (d, J = 15.5 Hz, 1H), 6.79 

(s, 1H), 3.65 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 192.7, 189.0, 163.5, 158.8, 151.8, 

146.7, 137.8, 136.4, 135.2, 134.1, 133.6, 132.9, 131.3, 131.0, 130.6, 130.2, 130.1, 

129.0, 128.9, 128.7, 127.4, 121.4, 118.8, 118.8, 103.5, 55.2; HRMS (ESI) m/z Calcd. 

for C30H23O5
+ ([M+H]+) 463.1540, Found 463.1540. 

Compound 1k 

Light yellow solid; mp 90.6-91.3 oC; 1H NMR (600 

MHz, CDCl3) δ 9.84 (s, 1H), 8.00 (d, J = 8.9 Hz, 1H), 

7.95 (d, J = 7.6 Hz, 2H), 7.93-7.88 (m, 2H), 7.73 (s, 

1H), 7.63-7.58 (m, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.52-

7.46 (m, 3H), 7.44 (d, J = 8.9 Hz, 1H), 7.41-7.36 (m, 

1H), 7.11-7.03 (m, 4H), 6.93 (d, J = 15.5 Hz, 1H).; 13C NMR (151 MHz, CDCl3) δ 

192.4, 188.9, 163.5, 150.4, 146.0, 138.0, 137.0, 136.3, 135.4, 134.2, 132.1, 131.9, 

131.9, 131.3, 131.1, 130.6, 129.1, 129.0, 128.9, 128.7, 127.5, 126.4, 124.7, 122.4, 

121.5; HRMS (ESI) m/z Calcd. for C29H19ClNaO4
+ ([M+Na]+) 489.0864, Found 

489.0858. 
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Compound 1l 

Yellow solid; mp 93.4-94.2 oC; 1H NMR (600 MHz, 

CDCl3) δ 9.96 (s, 1H), 8.14 (s, 1H), 8.01 (d, J = 8.0 Hz, 

2H), 7.95 (d, J = 2.3 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 

7.89 (d, J = 8.1 Hz, 1H), 7.67-7.62 (m, 1H), 7.59 (d, J = 

8.3 Hz, 1H), 7.57-7.51 (m, 3H), 7.50-7.42 (m, 2H), 7.37 (d, 

J = 8.9 Hz, 1H), 7.08-7.04 (m, 1H), 6.98 (d, J = 15.5 Hz, 1H), 6.87-6.81 (m, 2H); 13C 

NMR (151 MHz, CDCl3) δ 192.4, 189.1, 163.5, 150.7, 146.0, 138.1, 136.9, 136.4, 

134.1, 133.6, 133.0, 131.9, 131.8, 131.5, 131.2, 130.5, 130.3, 129.0, 129.0, 128.6, 

127.4, 127.4, 126.2, 125.4, 124.9, 121.7, 121.3; HRMS (ESI) m/z Calcd. for 

C29H19BrNaO4
+ ([M+Na]+) 533.0359, Found 533.0350. 

Compound 1m 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 9.95 (s, 1H), 

8.21 (s, 1H), 8.02-7.98 (m, 2H), 7.97-7.87 (m, 3H), 7.67-

7.61 (m, 1H), 7.59-7.34 (m, 7H), 7.17-7.11 (m, 1H), 6.95 

(d, J = 15.6 Hz, 1H), 6.86-6.82 (m, 1H), 6.81-6.75 (m, 1H); 

13C NMR (101 MHz, CDCl3) δ 192.4, 189.1, 163.4, 148.0, 

146.0, 138.1, 137.0, 136.4, 135.0, 134.1, 131.9, 131.9, 131.7, 131.5, 131.1, 130.5, 

130.1, 129.7, 129.0, 129.0, 128.6, 127.4, 126.8, 126.2, 124.9, 121.9, 121.3; HRMS 

(ESI) m/z Calcd. for C29H20ClO4
+ ([M+H]+) 467.1045, Found 467.1045. 

Compound 1n 

Light yellow solid; mp 86.4-87.3 oC; 1H NMR (400 MHz, 

CDCl3) δ 9.90 (s, 1H), 8.30 (s, 1H), 8.01-7.85 (m, 5H), 

7.67-7.57 (m, 2H), 7.56-7.44 (m, 3H), 7.41 (d, J = 8.8 Hz, 

2H), 7.23-7.18 (m, 1H), 6.89 (d, J = 15.5 Hz, 1H), 6.82 (d, 

J = 8.3 Hz, 1H), 6.76-6.71 (m, 1H), 6.51-6.45 (m, 1H), 

3.82 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 193.0, 189.2, 163.3, 158.1, 147.3, 145.7, 

137.6, 136.5, 134.7, 134.1, 132.5, 132.0, 131.8, 131.4, 130.0, 129.8, 129.0, 128.9, 

128.5, 127.2, 126.1, 125.2, 123.0, 122.6, 121.4, 120.5, 110.6, 55.6; HRMS (ESI) m/z 

Calcd. for C30H23O5
+ ([M+H]+) 463.1540, Found 463.1539. 
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3. Optimization of the reaction conditions 

Table S1. Optimization of the reaction conditions 

 

Entrya Additive Solvent t [h] drc Yield [%]b 

1 3 Å MS toluene 24 >20:1 48 

2 3 Å MS DCE 15 >20:1 58 

3 3 Å MS CHCl3 24 >20:1 62 

4 3 Å MS DCM 12 >20:1 78 

5 3 Å MS THF 15 >20:1 36 

6 3 Å MS Et2O 24 >20:1 30 

7 3 Å MS EtOH 24 - trace 

8 - DCM 48 >20:1 45 

9 4 Å MS DCM 10 >20:1 85 

10 5 Å MS DCM 10 >20:1 72 

11 Na2SO4 DCM 10 >20:1 69 

12 MgSO4 DCM 10 >20:1 50 

13d 4 Å MS DCM 6 >20:1 75 

14e 4 Å MS DCM 12 >20:1 80 

15f 4 Å MS DCM 10 >20:1 79 

aUnless otherwise noted, the reaction was carried out on a 0.1 mmol scale in solvent (1.0 mL) at 

30 oC under nitrogen, and the ratio of 2a/1a was 1.3:1. bIsolated yield. cThe dr was determined by 

1H NMR of the crude products. dIn 0.5 mL DCM. eIn 2.0 mL DCM. fNa2CO3 (1.3 equiv.) was 

added. 
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Table S2. Preliminary asymmetric reaction 

 

Entrya Cat. Solvent t [h] Yield [%]b drc ee [%]d 

1 CPA1 DCM 48 76 >20:1 0 

2 CPA2 DCM 48 60 >20:1 0 

3 CPA3 DCM 48 62 >20:1 11 

4 CPA4 DCM 48 78 >20:1 5 

5e CPA3 DCM 48 87 >20:1 0 

a The reaction was carried out on a 0.1 mmol scale with 3 Å MS (100 mg), CPA (10 mol%) in 1.0 mL solvent at 

room temperature under nitrogen, and the ratio of 4c/1a was 1.5/1. b Isolated yield. c The dr was determined by 1H 

NMR of the crude reaction mixture. d The ee was determined by chiral HPLC. e 2a was used instead of 4c. 

 

 

Table S3. Optimization of the KR reaction conditions 
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Entrya Cat. Solvent 

(–)-5aa 11a 

C [%]d se 

yield [%]b ee [%]c yield [%]b ee [%]c 

1 C1 DCM 52 53 42 43 55 4 

2 C2 DCM quant. - NR - - - 

3 C3 DCM > 95 - Trace - - - 

4 C4 DCM 52 82 44 92 47 61 

5 C5 DCM 65 31 30 85 27 17 

6 C6 DCM 44 77 42 93 45 64 

7 C7 DCM > 95 6 Trace - - - 

8 C8 DCM quant. - NR - - - 

9 C9 DCM quant. - NR - - - 

10 C4 DCE 44 43 31 91 32 32 

11 C4 CHCl3 48 57 37 95 38 69 

12 C4 toluene > 95 10 Trace - - - 

13 C4 THF quant. - NR - - - 

14
f
 C4 DCM 50 83 42 93 47 72 

15
g
 C4 DCM 53 87 46 95 48 111 

16
h
 C4 DCM 56 69 40 95 42 81 

17
g,i

 C4 DCM  44 83 54 53 61 8 

18
g, j

 C4 DCM 56 77 42 89 46 40 

a The reaction was conducted with (±)-5aa (0.12 mmol), 13a (0.1 mmol) and Cat. (10 mol%) in 

solvent (1.0 mL). b Isolated yield. c Detected by chiral HPLC analysis. d Conversion (C) = ees/ (ees 

+ eep). 
e s = ln [(1-C) (1-ees)]/ ln [(1-C) (1+ees)]. 

f The ratio of (±)-5aa: 13a = 1.5:1. g The ratio of 

(±)-5aa: 13a = 1:1. h The ratio of (±)-5aa: 13a = 0.5:1. i With Na2CO3 (0.1 mmol). j With Et3N (0.1 

mmol). 

4. General procedure for (±)-3/5 

 

In a Schlenk tube, 4-amino pyrazolone hydrochloride 2 (0.26 mmol), 4 Å MS (200 
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mg) and 1-enal Naphthyl-3-benzoylacrylate 1 (0.2 mmol) were added into DCM (2 

mL) under nitrogen atmosphere. The reaction solution was stirred at 30 oC. After the 

reaction was completed (monitored by TLC), the crude product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/10) on silica gel to 

give the product 3. 

 

In a Schlenk tube, 3-amino oxindole hydrochloride 4 (0.26 mmol), 4 Å MS (200 

mg), 1-enal Naphthyl-3-benzoylacrylate 1 (0.2 mmol) and DPP (0.02 mmol) were 

added into DCM (2 mL) under nitrogen atmosphere. The reaction solution was stirred 

at 30 oC. After the reaction was completed (monitored by TLC), the crude product was 

purified by column chromatography (ethyl acetate/petroleum ether = 1/10 to 1/5) on 

silica gel to give the product 5. 

The scale-up reactions 

 

In a Schlenk tube, 4-amino pyrazolone hydrochloride 2a (1.3 mmol), 4 Å MS (1000 

mg) and 1-enal Naphthyl-3-benzoylacrylate 1f (1.0 mmol) were added into DCM (10 

mL) under nitrogen atmosphere. The reaction solution was stirred at 30 oC. After the 

reaction was completed (monitored by TLC), the crude product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/10) on silica gel to 

give the product 3fa. 
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In a Schlenk tube, 3-amino oxindole hydrochloride 4a (1.3 mmol), 4 Å MS (1000 

mg), 1-enal Naphthyl-3-benzoylacrylate 1k (1.0 mmol) and DPP (0.1 mmol) were 

added into DCM (10 mL) under nitrogen atmosphere. The reaction solution was 

stirred at 30 oC. After the reaction was completed (monitored by TLC), the crude 

product was purified by column chromatography (ethyl acetate/petroleum ether = 1/10 

to 1/5) on silica gel to give the product 5ka. 

Synthetic transformations 

 

A reaction tube was charged with 3aa (1.0 equiv, 0.1 mmol) and dioxane (1 mL), 

and then DDQ (4.0 equiv, 0.4 mmol) was added. The reaction was stirred at 70 oC 

until it was completed (monitored by TLC), then the crude product was purified by 

column chromatography (ethyl acetate/petroleum ether = 1/10) on silica gel to give 

the product 6 as a white solid in 82% yield. 

 

To a solution of 3fa (1.0 equiv, 0.1 mmol) in 2.0 mL THF/H2O (10:1) was added 

phenylboronic acid (1.5 equiv, 0.15 mmol), Pd(PPh3)4 (0.15 equiv, 0.015 mmol), 

Cs2CO3 (1.5 equiv, 0.15 mmol). Then, the reaction system was degassed and filled 

with nitrogen for three times. The reaction mixture was stirred under N2 at 70 oC for 8 
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h. After that, the reaction was washed with H2O and extracted with EA. The combined 

organic phase was washed with bine and dried with anhydrous Na2SO4. Then the 

solvent was removed under reduced pressure. The crude residue was purified by silica 

gel column chromatography to afford pure product 7 as a yellow solid in 86% yield. 

 

To a solution of 3fa (1.0 equiv, 0.1 mmol), Et3N (0.07 mL) in 1.0 mL DMF was 

added ethynylbenzene (2.5 equiv, 0.25 mmol), CuI (5.0 mol%), PdCl2(PPh3)2 (10 

mol%). Then, the reaction system was degassed and filled with nitrogen for three 

times. The reaction mixture was stirred under N2 at 80 oC for 4 h. After that, the 

reaction was washed with H2O and extracted with EA. The combined organic phase 

was washed with bine and dried with anhydrous Na2SO4. Then the solvent was 

removed under reduced pressure. The crude residue was purified by silica gel column 

chromatography to afford pure product 8 as a yellow solid in 90% yield. 

 

To a solution of 3fa (1.0 equiv, 0.1 mmol) in MeOH (2.0 mL) was added sodium 

borohydride (1.2 equiv, 0.12 mmol) and CeCl3
.7H2O (1.2 equiv, 0.12 mmol) at 0 oC 

for 12 h. The product was purified by silica gel column chromatography to give 9 as 

white solid in 88 % yield. 
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A reaction tube was charged with 5ka (1.0 equiv, 0.1 mmol) and THF (1 mL), then 

m-CPBA (2.5 equiv, 0.25 mmol) was added. The reaction was stirred at room 

temperature until it was completed (monitored by TLC), then the crude product was 

purified by column chromatography (ethyl acetate/petroleum ether = 1/10) on silica 

gel to give the product 10 as a white solid in 93% yield. 

Characterization Data 

Compound 3aa 

White solid, 85% yield, 113.2 mg; mp 156.7-157.3 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.38 (d, J = 6.8 Hz, 2H), 7.95 (d, J = 8.9 Hz, 

1H), 7.89 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.64-7.57 (m, 

3H), 7.53 (d, J = 8.2 Hz, 2H), 7.46-7.33 (m, 6H), 7.33-7.26 (m, 2H), 

7.19-7.10 (m, 4H), 7.08-6.98 (m, 3H), 6.98-6.93 (m, 2H), 5.65-5.57 

(m, 1H), 5.51 (d, J = 5.0 Hz, 1H), 4.53 (dd, J = 9.7, 5.0 Hz, 1H), 

2.76 (d, J = 4.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 195.7, 

173.2, 170.9, 155.7, 147.2, 137.1, 136.3, 135.1, 133.5, 131.6, 131.2, 130.6, 130.4, 

130.1, 129.5, 129.2, 128.8, 128.6, 128.5, 128.3, 128.2, 128.0, 127.8, 127.7, 127.3, 

126.1, 125.5, 125.3, 124.6, 119.1, 118.9, 72.1, 65.6, 56.0, 47.3; HRMS (ESI) m/z 

Calcd. for C44H32N3O4
+ ([M+H]+) 666.2387, Found 666.2379. 

Compound 3ab 

White solid, 82% yield, 112.1 mg; mp 260.4-261.3 oC; 1H NMR 

(600 MHz, CDCl3) δ 8.40 (dd, J = 8.6, 5.4 Hz, 2H), 7.97 (d, J = 

8.9 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 

7.53 (d, J = 7.9 Hz, 2H), 7.48-7.39 (m, 5H), 7.38-7.34 (m, 1H), 

7.33-7.28 (m, 4H), 7.21-7.14 (m, 3H), 7.10-7.01 (m, 4H), 6.96 (d, 

J = 7.5 Hz, 2H), 5.67-5.59 (m, 1H), 5.46 (d, J = 4.9 Hz, 1H), 4.51 

(dd, J = 9.7, 4.9 Hz, 1H), 2.78 (d, J = 3.9 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 195.6, 173.1, 171.0, 164.5 (d, J = 253.5 Hz), 154.9, 147.2, 137.0, 

136.3, 135.0, 133.6, 131.6, 130.7, 130.3, 130.1, 129.7, 129.6, 128.8, 128.7, 128.5, 

128.3, 128.2 (d, J = 2.0 Hz), 128.0, 127.8, 127.7, 126.2, 125.7 (d, J = 4.0 Hz), 125.5, 

125.3, 124.6, 119.1, 118.9, 116.4 (d, J = 22.2 Hz), 72.0, 65.7, 56.0, 47.2; 19F NMR 

(377 MHz, CDCl3) δ -107.70; HRMS (ESI) m/z Calcd. for C44H31FN3O4
+ ([M+H]+) 

684.2293, Found 684.2291. 

Compound 3ac 
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White solid, 78% yield, 116.2 mg; mp 280.2-280.9 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.38 (dd, J = 7.3, 2.2 Hz, 2H), 7.95 (d, J = 

8.9 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 

7.64-7.58 (m, 3H), 7.53 (d, J = 7.9 Hz, 2H), 7.47-7.39 (m, 4H), 

7.36 (d, J = 8.5 Hz, 1H), 7.33-7.27 (m, 2H), 7.19-7.10 (m, 4H), 

7.07-6.99 (m, 3H), 6.98-6.93 (m, 2H), 5.67-5.56 (m, 1H), 5.51 (d, 

J = 5.1 Hz, 1H), 4.52 (dd, J = 9.7, 5.1 Hz, 1H), 2.77 (d, J = 4.3 

Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 195.6, 173.2, 170.8, 155.7, 147.3, 137.2, 

136.4, 135.1, 133.5, 131.6, 131.2, 130.6, 130.4, 130.1, 129.5, 129.1, 128.8, 128.6, 

128.5, 128.3, 128.2, 127.9, 127.7, 127.7, 127.3, 126.1, 125.4, 125.3, 124.6, 119.1, 

118.9, 72.2, 65.6, 56.0, 47.4; HRMS (ESI) m/z Calcd. for C44H31BrN3O4
+ ([M+H]+) 

744.1492, Found 744.1490. 

Compound 3ad 

White solid, 80% yield, 111.3 mg; mp 269.4-270.3 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.34 (d, J = 8.6 Hz, 2H), 7.96 (d, J = 8.8 

Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.51 

(d, J = 7.9 Hz, 2H), 7.47-7.33 (m, 6H), 7.31-7.26 (m, 2H), 7.20-

7.08 (m, 6H), 7.07-6.98 (m, 3H), 6.98-6.90 (m, 2H), 5.62 (d, J 

= 7.8 Hz, 1H), 5.48 (d, J = 4.7 Hz, 1H), 4.55 (dd, J = 9.4, 4.9 

Hz, 1H), 3.93 (s, 3H), 2.74 (d, J = 3.4 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 195.6, 173.0, 171.0, 162.0, 155.6, 147.2, 137.2, 136.3, 135.1, 133.5, 

131.6, 130.6, 130.5, 130.1, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 128.1, 127.9, 

127.8, 127.7, 126.1, 125.3, 125.3, 124.6, 122.0, 119.1, 118.9, 114.6, 72.2, 65.8, 56.1, 

55.5, 47.2; HRMS (ESI) m/z Calcd. for C45H34N3O5
+ ([M+H]+) 696.2493, Found 

696.2485. 

Compound 3ae 

White solid, 73% yield, 99.8 mg; mp 277.8-278.5 oC; 1H NMR (400 

MHz, CDCl3) δ 8.24 (d, J = 7.7 Hz, 1H), 8.01 (d, J = 10.0 Hz, 1H), 

7.95 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.3 

Hz, 1H), 7.59 (dd, J = 14.4, 7.4 Hz, 1H), 7.52 (d, J = 7.9 Hz, 2H), 

7.47-7.38 (m, 5H), 7.37-7.26 (m, 4H), 7.22-7.12 (m, 3H), 7.12-6.99 

(m, 4H), 6.98-6.91 (m, 2H), 5.65-5.58 (m, 1H), 5.48 (d, J = 4.6 Hz, 

1H), 4.50 (dd, J = 9.3, 4.9 Hz, 1H), 2.77 (d, J = 3.0 Hz, 1H); 13C 

NMR (101 MHz, CDCl3) δ 195.6, 173.2, 170.9, 163.1 (d, J = 248.5 Hz), 154.6, 147.2, 

137.0, 136.3, 135.0, 133.7, 131.6, 131.5 (d, J = 8.1 Hz), 131.0 (d, J = 8.1 Hz), 130.7, 
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130.2, 130.1, 128.8, 128.7, 128.5, 128.3, 128.3, 128.2, 128.0, 127.8, 127.8, 126.2, 

125.7, 125.2, 124.6, 123.3 (d, J = 3.0 Hz), 119.1, 118.9, 118.3 (d, J = 21.2 Hz), 113.8 

(d, J = 24.2 Hz), 71.9, 65.7, 56.1, 47.2; 19F NMR (377 MHz, CDCl3) δ -110.92; 

HRMS (ESI) m/z Calcd. for C44H31FN3O4
+ ([M+H]+) 684.2293, Found 684.2289. 

Compound 3af 

White solid, 62% yield, 80.1 mg; mp 159.2-159.8 oC; 1H NMR (400 

MHz, CDCl3) δ 7.93 (d, J = 8.8 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 

7.69 (d, J = 8.4 Hz, 1H), 7.66-7.57 (m, 4H), 7.46 (dd, J = 17.8, 8.1 

Hz, 2H), 7.41-7.29 (m, 6H), 7.18-7.12 (m, 1H), 7.11-7.01 (m, 4H), 

7.01-6.95 (m, 2H), 5.64 (d, J = 5.3 Hz, 1H), 5.60-5.53 (m, 1H), 4.32 

(dd, J = 9.7, 5.4 Hz, 1H), 2.49 (d, J = 4.4 Hz, 1H), 1.64 (s, 9H); 13C 

NMR (101 MHz, CDCl3) δ 197.0, 173.5, 171.0, 166.3, 147.0, 137.5, 

136.9, 135.0, 133.4, 131.6, 130.5, 130.4, 130.08, 128.8, 128.6, 128.5, 128.4, 128.3, 

127.9, 127.8, 127.8, 127.7, 126.1, 125.2, 125.0, 124.6, 118.9, 118.5, 73.7, 65.2, 55.9, 

48.1, 37.0, 29.4; HRMS (ESI) m/z Calcd. for C42H36N3O4
+ ([M+H]+) 646.2700, Found 

646.2696. 

Compound 3ag 

White solid, 72% yield, 103.1 mg; 198.1-198.9 oC; 1H NMR 

(400 MHz, CDCl3) δ 9.14 (s, 1H), 8.28 (dd, J = 8.7, 1.4 Hz, 1H), 

8.06 (d, J = 7.9 Hz, 1H), 8.01 (d, J = 8.8 Hz, 1H), 7.99-7.88 (m, 

3H), 7.72 (d, J = 8.3 Hz, 1H), 7.64-7.52 (m, 4H), 7.48-7.28 (m, 

8H), 7.19-7.09 (m, 4H), 7.08-6.99 (m, 3H), 6.99-6.91 (m, 2H), 

5.71-5.60 (m, 2H), 4.60 (dd, J = 9.6, 4.9 Hz, 1H), 2.84 (d, J = 4.3 

Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 195.6, 173.3, 171.2, 

155.6, 147.2, 137.1, 136.3, 135.1, 134.5, 133.6, 133.3, 131.6, 130.7, 130.5, 130.2, 

129.8, 128.9, 128.8, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8, 127.8, 

127.7, 127.0, 126.5, 126.2, 125.6, 125.3, 124.7, 123.2, 119.1, 119.0, 72.2, 66.1, 56.5, 

47.5; HRMS (ESI) m/z Calcd. for C48H34N3O4
+ ([M+H]+) 716.2544, Found 716.2537. 

Compound 3ah 

White solid, 68% yield, 92.4 mg; mp 172.5-173.2 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.41-8.32 (m, 2H), 7.95 (d, J = 8.9 Hz, 1H), 

7.88 (d, J = 8.1 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.65-7.54 (m, 

3H), 7.47-7.29 (m, 8H), 7.21-7.07 (m, 5H), 7.06-6.90 (m, 5H), 

5.61 (d, J = 7.7 Hz, 1H), 5.50 (d, J = 5.0 Hz, 1H), 4.54 (dd, J = 

9.7, 5.0 Hz, 1H), 2.75 (d, J = 4.1 Hz, 1H), 2.30 (s, 3H); 13C NMR 
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(101 MHz, CDCl3) δ 195.6, 173.0, 170.9, 155.5, 147.2, 136.4, 135.3, 135.1, 134.7, 

133.5, 131.6, 131.1, 130.6, 130.5, 130.1, 129.6, 129.2, 129.1, 128.8, 128.5, 128.3, 

128.3, 128.2, 127.9, 127.8, 127.7, 127.3, 126.1, 125.3, 124.7, 119.1, 119.0, 72.1, 65.6, 

55.9, 47.3, 21.0; HRMS (ESI) m/z Calcd. for C45H34N3O4
+ ([M+H]+) 680.2544, Found 

680.2539. 

Compound 3ai 

White solid, 71% yield, 101.6 mg; mp 262.3-262.9 oC; 1H NMR 

(600 MHz, CDCl3) δ 8.47-8.42 (m, 2H), 8.07-8.03 (m, 1H), 7.99 (d, 

J = 8.9 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H), 7.83-7.77 (m, 3H), 7.75-

7.69 (m, 2H), 7.68-7.61 (m, 3H), 7.51-7.41 (m, 6H), 7.41-7.36 (m, 

2H), 7.18-7.12 (m, 3H), 7.10-7.02 (m, 3H), 7.01-6.96 (m, 2H), 

5.68 (dd, J = 9.7, 2.0 Hz, 1H), 5.56 (d, J = 5.0 Hz, 1H), 4.57 (dd, J 

= 9.8, 5.0 Hz, 1H), 2.84 (d, J = 4.1 Hz, 1H); 13C NMR (126 MHz, 

CDCl3) δ 195.7, 173.4, 170.9, 155.8, 147.2, 136.3, 135.1, 134.7, 

133.5, 133.2, 131.6, 131.3, 131.2, 130.6, 130.4, 130.1, 129.5, 129.2, 128.8, 128.5, 

128.3, 128.3, 128.2, 128.0, 127.9, 127.8, 127.7, 127.6, 127.4, 126.5, 126.1, 125.6, 

125.3, 124.6, 119.1, 118.2, 116.3, 72.3, 65.7, 56.1, 47.3; HRMS (ESI) m/z Calcd. for 

C48H34N3O4
+ ([M+H]+) 716.2544, Found 716.2538. 

Compound 3ba 

White solid, 80% yield, 108.8 mg; mp 193.5-194.4 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.35-8.28 (m, 2H), 7.98 (d, J = 8.9 

Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 8.3 Hz, 1H), 

7.65-7.52 (m, 5H), 7.50-7.42 (m, 2H), 7.40-7.29 (m, 3H), 7.25-

7.13 (m, 2H), 7.13-6.94 (m, 8H), 6.87 (d, J = 7.6 Hz, 1H), 5.55 

(d, J = 8.0 Hz, 1H), 5.47 (d, J = 4.9 Hz, 1H), 4.57 (dd, J = 9.7, 

5.0 Hz, 1H), 2.73 (d, J = 4.0 Hz, 1H), 2.04 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 197.1, 173.2, 170.9, 155.8, 147.3, 138.4, 137.2, 135.6, 135.1, 

132.0, 131.6, 131.6, 131.2, 130.6, 130.4, 130.1, 129.5, 129.1, 128.8, 128.7, 128.6, 

128.5, 128.3, 127.8, 127.8, 127.7, 127.3, 126.1, 125.4, 125.3, 124.7, 124.6, 119.2, 

118.6, 71.6, 65.1, 57.4, 46.8, 19.8; HRMS (ESI) m/z Calcd. for C45H34N3O4
+ ([M+H]+) 

680.2544, Found 680.2544. 

Compound 3ca 

White solid, 78% yield, 106.0 mg; mp 189.1-189.7 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.40-8.32 (m, 2H), 7.94 (d, J = 

8.9 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 
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1H), 7.64-7.56 (m, 3H), 7.52 (d, J = 8.3 Hz, 2H), 7.46-7.39 (m, 2H), 7.37-7.25 (m, 

3H), 7.19-7.08 (m, 5H), 7.07-6.90 (m, 6H), 5.59 (d, J = 7.7 Hz, 1H), 5.49 (d, J = 5.0 

Hz, 1H), 4.56 (dd, J = 9.7, 5.0 Hz, 1H), 2.72 (d, J = 4.2 Hz, 1H), 2.03 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 195.9, 173.2, 170.9, 155.6, 147.3, 138.3, 137.1, 136.5, 

135.1, 134.2, 131.6, 131.2, 130.6, 130.5, 130.1, 129.5, 129.1, 128.8, 128.6, 128.5, 

128.3, 128.0, 127.9, 127.8, 127.7, 127.3, 126.1, 125.4, 125.4, 125.3, 124.6, 119.2, 

118.8, 72.2, 65.6, 56.1, 47.1, 20.9; HRMS (ESI) m/z Calcd. for C45H33N3NaO4
+ 

([M+Na]+) 702.2363, Found 702.2356. 

Compound 3da 

White solid, 81% yield, 110.8 mg; mp 160.8-161.7 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.38 (d, J = 6.5 Hz, 2H), 7.94 (d, J 

= 8.9 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 8.3 Hz, 

1H), 7.64-7.52 (m, 5H), 7.47-7.37 (m, 4H), 7.37-7.26 (m, 3H), 

7.18-7.08 (m, 2H), 7.08-6.90 (m, 5H), 6.81 (t, J = 8.2 Hz, 2H), 

5.67-5.53 (m, 1H), 5.46 (d, J = 4.9 Hz, 1H), 4.50 (dd, J = 9.5, 

5.0 Hz, 1H), 2.74 (d, J = 3.7 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) δ 194.1, 173.1, 171.0, 165.9 (d, J = 256.5 Hz), 155.6, 147.2, 137.1, 135.1, 

132.7, 131.7, 131.4, 131.1, 131.0, 130.7, 130.3, 130.1, 129.4, 129.3, 128.8, 128.6, 

128.4, 128.0, 127.9, 127.8, 127.3, 126.2, 125.7, 125.3, 124.6, 119.1, 118.7, 115.5 (d, J 

= 22.2 Hz), 72.2, 65.7, 56.0, 47.4; 19F NMR (377 MHz, CDCl3) δ -103.66; HRMS 

(ESI) m/z Calcd. for C44H31FN3O4
+ ([M+H]+) 684.2293, Found 684.2291. 

Compound 3ea 

White solid, 75% yield, 105.0 mg; mp 165.9-166.9 oC; 1H 

NMR (600 MHz, CDCl3) δ 8.42-8.36 (m, 2H), 7.94 (d, J = 8.8 

Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 

7.64-7.56 (m, 3H), 7.54 (d, J = 7.8 Hz, 2H), 7.46-7.39 (m, 2H), 

7.36-7.28 (m, 5H), 7.18-7.08 (m, 4H), 7.07-6.98 (m, 3H), 6.97-

6.89 (m, 2H), 5.63-5.54 (m, 1H), 5.44 (d, J = 5.0 Hz, 1H), 4.49 

(dd, J = 9.7, 5.0 Hz, 1H), 2.75 (d, J = 4.1 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 194.5, 173.1, 170.8, 155.6, 147.2, 140.1, 137.0, 135.0, 134.6, 

131.7, 131.4, 130.7, 130.3, 130.1, 129.7, 129.3, 128.8, 128.8, 128.5, 128.3, 128.0, 

127.9, 127.8, 127.3, 126.2, 125.6, 125.3, 124.6, 119.1, 118.7, 72.1, 65.7, 56.0, 47.3; 

HRMS (ESI) m/z Calcd. for C44H30ClN3NaO4
+ ([M+Na]+) 722.1817, Found 722.1810. 
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Compound 3fa 

White solid, 80% yield, 119.1 mg; mp 233.2-233.9 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.41 (dd, J = 7.4, 2.1 Hz, 2H), 7.98 

(d, J = 8.9 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.72 (d, J = 8.4 

Hz, 1H), 7.67-7.59 (m, 3H), 7.56 (d, J = 7.9 Hz, 2H), 7.49-7.43 

(m, 2H), 7.40-7.27 (m, 7H), 7.21-7.12 (m, 2H), 7.10-7.01 (m, 

3H), 7.00-6.93 (m, 2H), 5.68-5.58 (m, 1H), 5.46 (d, J = 5.1 Hz, 

1H), 4.58-4.42 (m, 1H), 2.79 (d, J = 4.3 Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 194.7, 173.1, 170.8, 155.6, 147.2, 137.0, 135.0, 131.7, 131.5, 

131.4, 130.7, 130.2, 130.1, 129.8, 129.3, 128.8, 128.8, 128.7, 128.5, 128.3, 128.0, 

127.8, 127.8, 127.3, 126.2, 125.6, 125.3, 124.6, 119.1, 118.7, 72.1, 65.7, 56.0, 47.3; 

HRMS (ESI) m/z Calcd. for C44H31BrN3O4
+ ([M+H]+) 744.1492, Found 744.1484. 

Compound 3ga 

White solid, 85% yield, 118.3 mg; mp 256.2-256.8 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.49-8.41 (m, 2H), 7.97 (d, J = 

8.9 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.74 (d, J = 8.4 Hz, 

1H), 7.68-7.57 (m, 5H), 7.50-7.42 (m, 4H), 7.41-7.29 (m, 

3H), 7.20-7.13 (m, 2H), 7.11-6.95 (m, 5H), 6.66 (d, J = 8.8 

Hz, 2H), 5.72-5.63 (m, 1H), 5.51 (d, J = 5.0 Hz, 1H), 4.56 

(dd, J = 9.7, 5.0 Hz, 1H), 3.75 (s, 3H), 2.77 (d, J = 4.3 Hz, 

1H); 13C NMR (101 MHz, CDCl3) δ 193.7, 173.4, 171.0, 163.9, 155.7, 147.3, 137.3, 

135.1, 131.6, 131.2, 130.8, 130.6, 130.6, 130.2, 129.6, 129.2, 129.1, 128.8, 128.6, 

128.5, 128.3, 127.9, 127.8, 127.7, 127.4, 126.1, 125.4, 125.4, 124.7, 119.1, 118.9, 

113.4, 72.3, 65.9, 55.7, 55.4, 47.6; HRMS (ESI) m/z Calcd. for C45H34N3O5
+ ([M+H]+) 

696.2493, Found 696.2497. 

Compound 3ha 

White solid, 70% yield, 104.2 mg; mp 281.5-281.9 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.38-8.28 (m, 2H), 7.96 (d, J = 1.3 Hz, 1H), 

7.80 (d, J = 8.9 Hz, 1H), 7.62-7.55 (m, 3H), 7.53 (d, J = 9.0 Hz, 

1H), 7.48 (d, J = 7.9 Hz, 2H), 7.45-7.34 (m, 4H), 7.31 (dd, J = 

9.0, 1.6 Hz, 1H), 7.26-7.22 (m, 2H), 7.18-7.11 (m, 2H), 7.11-

6.97 (m, 5H), 6.88 (d, J = 7.1 Hz, 2H), 5.54-5.40 (m, 2H), 4.48 

(dd, J = 9.6, 4.9 Hz, 1H), 2.79 (d, J = 4.0 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 195.7, 173.3, 170.6, 155.8, 147.5, 136.9, 136.3, 134.9, 133.6, 132.6, 

131.2, 130.9, 130.4, 129.9, 129.7, 129.5, 129.1, 128.7, 128.6, 128.4, 128.4, 128.3, 
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128.3, 127.9, 127.4, 126.5, 125.6, 125.5, 120.2, 120.2, 119.0, 72.0, 65.5, 56.0, 47.2; 

HRMS (ESI) m/z Calcd. for C44H31BrN3O4
+ ([M+H]+) 744.1492, Found 744.1497. 

Compound 3ia 

White solid, 70% yield, 104.2 mg; mp 296.1-296.8 oC; 1H NMR 

(600 MHz, CDCl3) δ 8.38 (d, J = 4.6 Hz, 2H), 7.93 (d, J = 8.6 Hz, 

1H), 7.84 (s, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.66-7.59 (m, 3H), 

7.57-7.49 (m, 3H), 7.48-7.38 (m, 4H), 7.35-7.29 (m, 2H), 7.21-

7.13 (m, 4H), 7.12-7.03 (m, 3H), 6.96 (d, J = 6.9 Hz, 2H), 5.60 

(d, J = 7.5 Hz, 1H), 5.50 (d, J = 4.2 Hz, 1H), 4.59-4.50 (m, 1H), 

2.80 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 195.6, 173.1, 170.5, 155.6, 148.1, 137.0, 

136.3, 134.8, 133.6, 131.4, 131.3, 130.6, 130.1, 130.0, 129.8, 129.6, 129.4, 129.2, 

128.7, 128.6, 128.6, 128.4, 128.3, 128.2, 128.0, 127.3, 126.8, 125.6, 124.6, 122.3, 

119.6, 119.0, 72.1, 65.4, 55.9, 47.2; HRMS (ESI) m/z Calcd. for C44H31BrN3O4
+ 

([M+H]+) 744.1492, Found 744.1489. 

Compound 3ja 

White solid, 68% yield, 94.6 mg; mp 283.5-286.1 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.38 (d, J = 4.6 Hz, 2H), 7.86 (d, J = 8.7 

Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H), 7.65-7.57 (m, 3H), 7.54 (d, J 

= 8.0 Hz, 2H), 7.45-7.37 (m, 3H), 7.34-7.27 (m, 3H), 7.21-7.13 

(m, 3H), 7.12-6.96 (m, 7H), 6.90 (s, 1H), 5.60 (d, J = 7.6 Hz, 

1H), 5.51 (d, J = 4.6 Hz, 1H), 4.54 (dd, J = 9.0, 4.9 Hz, 1H), 

3.60 (s, 3H), 2.81 (d, J = 3.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 195.7, 173.2, 

170.9, 159.0, 155.7, 148.0, 137.1, 136.3, 135.2, 133.5, 131.4, 131.2, 130.8, 130.2, 

129.9, 129.4, 129.2, 128.6, 128.5, 128.3, 128.2, 128.0, 127.8, 127.3, 127.0, 125.5, 

124.0, 118.9, 118.8, 116.6, 103.1, 72.1, 65.5, 56.1, 55.2, 47.2; HRMS (ESI) m/z Calcd. 

for C45H33N3NaO5
+ ([M+Na]+) 718.2312, Found 718.2307. 

Compound 5aa 

White solid, 72% yield, 83.0 mg, dr = 15:1; mp 183.3-183.9 oC; 1H 

NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.9 Hz, 1H), 7.90 (d, J = 8.2 

Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.51-7.41 (m, 2H), 7.40-7.31 (m, 

2H), 7.30-7.26 (m, 2H), 7.21-7.14 (m, 2H), 7.10-7.04 (m, 2H), 7.03-

6.93 (m, 4H), 6.92-6.82 (m, 3H), 6.34 (d, J = 7.8 Hz, 1H), 5.48 (d, J 

= 4.3 Hz, 1H), 5.03 (t, J = 9.7 Hz, 1H), 4.58 (dd, J = 9.0, 4.3 Hz, 

1H), 3.16 (d, J = 12.7 Hz, 1H), 2.94 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.3, 

175.3, 170.2, 147.8, 143.0, 136.5, 134.8, 132.8, 131.7, 130.8, 130.0, 129.4, 129.4, 
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128.8, 128.7, 128.5, 128.2, 127.9, 127.9, 127.8, 127.7, 126.0, 125.4, 125.3, 124.6, 

123.0, 119.5, 108.2, 71.6, 70.6, 59.2, 49.9, 26.4; HRMS (ESI) m/z Calcd. for 

C38H29N2O4
+ ([M+H]+) 577.2122, Found 577.2125. 

Compound 5ab 

White solid, 45% yield, 50.6 mg, dr = 4:1; mp 180.5-181.3 oC; 1H 

NMR (600 MHz, CDCl3) δ 8.00 (d, J = 8.8 Hz, 1H), 7.91 (d, J = 8.1 

Hz, 1H), 7.82 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.51-7.38 (m, 5H), 

7.38-7.33 (m, 1H), 7.24-7.19 (m, 2H), 7.08 (s, 1H), 7.05-6.94 (m, 

5H), 6.92-6.83 (m, 3H), 6.51 (d, J = 7.7 Hz, 1H), 5.53 (d, J = 4.0 Hz, 

1H), 5.07-5.01 (m, 1H), 4.59 (dd, J = 8.9, 4.1 Hz, 1H), 3.11 (d, J = 

12.9 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 196.4, 177.1, 170.3, 147.8, 139.9, 136.4, 

134.8, 133.1, 131.7, 130.8, 130.0, 129.5, 129.5, 128.8, 128.7, 128.5, 128.3, 128.3, 

128.2, 128.0, 127.9, 127.7, 126.1, 126.0, 125.3, 124.6, 123.0, 119.5, 110.0, 71.4, 70.9, 

58.4, 50.2; HRMS (ESI) m/z Calcd. for C37H27N2O4
+ ([M+H]+) 563.1965, Found 

563.1961. 

Compound 5ac 

White solid, 50% yield, 65.3 mg, dr > 20:1; mp 190.6-191.2 oC; 1H 

NMR (600 MHz, CDCl3) δ 7.99 (d, J = 8.7 Hz, 1H), 7.90 (d, J = 7.9 

Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.50-7.30 (m, 6H), 7.27-7.22 (m, 

3H), 7.20-7.07 (m, 5H), 7.04-6.89 (m, 7H), 6.87-6.79 (m, 1H), 6.29 

(d, J = 7.5 Hz, 1H), 5.58 (d, J = 3.1 Hz, 1H), 5.15-4.94 (m, 2H), 

4.68-4.52 (m, 1H), 4.25 (d, J = 15.5 Hz, 1H), 3.25 (d, J = 12.3 Hz, 

1H); 13C NMR (151 MHz, CDCl3) δ 196.3, 175.6, 170.2, 147.8, 

142.3, 136.5, 134.8, 134.8, 133.0, 131.7, 130.8, 130.0, 129.5, 129.4, 128.9, 128.7, 

128.5, 128.2, 128.0, 127.9, 127.8, 127.8, 127.7, 127.3, 126.1, 125.7, 125.4, 124.6, 

123.0, 119.5, 109.4, 71.4, 70.7, 58.5, 50.4, 44.3; HRMS (ESI) m/z Calcd. for 

C44H33N2O4
+ ([M+H]+) 653.2435, Found 653.2435. 

Compound 5ad 

White solid, 48% yield, 58.1 mg, dr = 12:1; mp 189.3-190.4 oC; 1H 

NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.9 Hz, 1H), 7.90 (d, J = 8.1 

Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.51-7.40 (m, 2H), 7.40-7.30 (m, 

4H), 7.22-7.14 (m, 2H), 7.11-7.04 (m, 2H), 7.03-6.93 (m, 4H), 6.93-

6.80 (m, 3H), 6.42 (d, J = 7.8 Hz, 1H), 5.51 (d, J = 4.4 Hz, 1H), 

5.09-4.95 (m, 1H), 4.58 (dd, J = 9.0, 4.4 Hz, 1H), 3.65-3.50 (m, 1H), 

3.26-3.10 (m, 2H), 1.57-1.38 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H); 13C 
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NMR (101 MHz, CDCl3) δ 196.4, 175.2, 170.2, 147.8, 142.7, 136.6, 134.8, 132.9, 

131.6, 130.8, 130.0, 129.4, 128.8, 128.7, 128.5, 128.2, 128.1, 128.0, 127.9, 127.8, 

127.7, 126.0, 125.8, 125.3, 124.6, 122.7, 119.5, 108.6, 71.4, 70.6, 58.6, 50.2, 42.1, 

20.6, 11.5; HRMS (ESI) m/z Calcd. for C40H33N2O4
+ ([M+H]+) 605.2435, Found 

605.2437. 

Compound 5ae 

White solid, 58% yield, 69.0 mg, dr = 7:1; mp 208.3-208.9 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.9 Hz, 1H), 7.91 (d, J = 8.1 

Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.8 Hz, 1H), 7.45-

7.32 (m, 5H), 7.24-7.17 (m, 2H), 7.04 (d, J = 2.2 Hz, 1H), 7.02-6.94 

(m, 3H), 6.92-6.87 (m, 2H), 6.82-6.71 (m, 2H), 6.28 (dd, J = 8.5, 4.1 

Hz, 1H), 5.49 (d, J = 4.3 Hz, 1H), 4.95 (d, J = 8.5 Hz, 1H), 4.56 (dd, 

J = 9.0, 4.3 Hz, 1H), 3.18 (s, 1H), 2.94 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 196.0, 175.1, 170.0, 159.0 (d, J = 243.4 Hz), 147.7, 138.9, 136.3, 134.7, 

133.0, 131.7, 130.9, 129.9, 129.5, 129.3 (d, J = 8.1 Hz), 128.7, 128.6, 128.5, 128.2, 

128.1, 128.0, 127.9, 127.8, 126.1, 125.2, 124.6, 119.4, 115.7 (d, J = 23.2 Hz), 113.7 

(d, J = 25.2 Hz), 108.6 (d, J = 8.1 Hz), 71.6, 70.9, 59.1, 49.9, 26.5; 19F NMR (377 

MHz, CDCl3) δ -119.15; HRMS (ESI) m/z Calcd. for C38H28FN2O4
+ ([M+H]+) 

595.2028, Found 595.2026. 

Compound 5af 

White solid, 52% yield, 69.3 mg, dr > 20:1; mp 187.2-187.8 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.9 Hz, 1H), 7.92 (d, J = 8.1 

Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H), 7.50-7.32 (m, 6H), 7.26-7.24 (m, 

3H), 7.20-7.09 (m, 5H), 7.03-6.89 (m, 5H), 6.82 (s, 1H), 6.76 (d, J = 

8.0 Hz, 1H), 6.16 (d, J = 8.0 Hz, 1H), 5.57 (d, J = 4.4 Hz, 1H), 5.10-

4.97 (m, 2H), 4.60 (dd, J = 9.0, 4.4 Hz, 1H), 4.22 (d, J = 15.6 Hz, 

1H), 3.25 (d, J = 12.8 Hz, 1H), 2.14 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 196.4, 175.5, 170.2, 147.9, 139.8, 136.6, 134.9, 134.9, 132.9, 132.7, 131.6, 

130.8, 130.0, 129.6, 129.6, 128.8, 128.8, 128.7, 128.5, 128.2, 128.0, 127.9, 127.8, 

127.7, 127.3, 126.3, 126.0, 125.4, 124.8, 119.5, 109.2, 71.5, 70.8, 58.6, 50.4, 44.3, 

21.0; HRMS (ESI) m/z Calcd. for C45H35N2O4
+ ([M+H]+) 667.2591, Found 667.2590. 
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Compound 5ba 

Yellow solid, 60% yield, 70.9 mg, dr = 5:1; mp 190.4-191.2 

oC; 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.9 Hz, 1H), 

7.89 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 8.3 Hz, 1H), 7.52-7.44 (m, 

2H), 7.44-7.38 (m, 1H), 7.36-7.29 (m, 1H), 7.24-7.11 (m, 3H), 

7.06-6.94 (m, 5H), 6.93-6.82 (m, 4H), 6.43 (d, J = 7.8 Hz, 1H), 

5.50 (d, J = 5.2 Hz, 1H), 5.00 (t, J = 9.9 Hz, 1H), 4.58 (dd, J = 

9.3, 5.3 Hz, 1H), 3.08 (d, J = 12.3 Hz, 1H), 2.82 (s, 3H), 1.68 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 197.4, 175.0, 170.3, 147.7, 143.1, 139.3, 135.3, 

134.8, 131.6, 131.2, 130.8, 129.9, 129.7, 129.4, 129.0, 128.8, 128.7, 128.5, 128.2, 

128.1, 127.8, 127.7, 126.0, 125.3, 125.1, 124.9, 124.6, 123.1, 119.5, 108.4, 70.6, 69.9, 

60.3, 49.3, 26.3, 20.1; HRMS (ESI) m/z Calcd. for C39H31N2O4
+ ([M+H]+) 591.2278, 

Found 591.2271. 

Compound 5ca 

White solid, 72% yield, 85.1 mg, dr = 12:1; mp 200.5-200.9 

oC; 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.9 Hz, 1H), 

7.88 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.47 (d, J 

= 8.9 Hz, 1H), 7.43-7.37 (m, 1H), 7.34-7.27 (m, 1H), 7.16 

(d, J = 7.2 Hz, 1H), 7.12-7.03 (m, 4H), 7.02-6.92 (m, 5H), 

6.91-6.81 (m, 3H), 6.34 (d, J = 7.8 Hz, 1H), 5.45 (d, J = 4.3 

Hz, 1H), 5.03 (t, J = 10.1 Hz, 1H), 4.59 (dd, J = 9.0, 4.3 Hz, 1H), 3.15 (d, J = 12.9 Hz, 

1H), 2.94 (s, 3H), 2.20 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.5, 175.3, 170.3, 

147.8, 143.1, 137.9, 136.6, 134.9, 133.5, 131.6, 130.8, 130.0, 129.4, 129.3, 128.9, 

128.7, 128.5, 128.4, 128.2, 128.0, 127.8, 127.8, 127.7, 126.0, 125.4, 125.4, 125.0, 

124.6, 122.9, 119.5, 108.1, 71.6, 70.6, 59.3, 49.8, 26.3, 21.1; HRMS (ESI) m/z Calcd. 

for C39H31N2O4
+ ([M+H]+) 591.2278, Found 591.2277. 

Compound 5da 

White solid, 68% yield, 80.9 mg, dr = 11:1; mp 198.6-199.3 

oC; 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.9 Hz, 1H), 

7.88 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 

8.9 Hz, 1H), 7.44-7.38 (m, 1H), 7.37-7.28 (m, 3H), 7.12-7.04 

(m, 2H), 7.02-6.92 (m, 4H), 6.91-6.81 (m, 5H), 6.41 (d, J = 

7.8 Hz, 1H), 5.43 (d, J = 4.3 Hz, 1H), 5.10-4.97 (m, 1H), 4.57 

(dd, J = 9.0, 4.3 Hz, 1H), 3.16 (d, J = 13.2 Hz, 1H), 3.00 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 194.6, 175.3, 170.1, 165.5 (d, J = 256.5 Hz), 147.8, 142.9, 134.8, 132.8 (d, J 
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= 3.0 Hz), 131.6, 130.9, 130.6 (d, J = 9.1 Hz), 130.0, 129.6, 129.4, 128.8, 128.7, 

128.5, 128.2, 127.9, 127.8, 127.7, 126.1, 125.5, 125.3, 124.6, 123.0, 119.5, 115.1 (d, J 

= 22.2 Hz), 108.3, 71.5, 70.6, 59.0, 50.0, 26.5; 19F NMR (377 MHz, CDCl3) δ -104.49; 

HRMS (ESI) m/z Calcd. for C38H28FN2O4
+ ([M+H]+) 595.2028, Found 595.2028. 

Compound 5ea 

White solid, 65% yield, 79.4 mg, dr = 7:1; mp 205.4-206.3 

oC; 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.9 Hz, 1H), 

7.90 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.50-7.41 

(m, 2H), 7.37-7.30 (m, 1H), 7.25 (d, J = 9.8 Hz, 2H), 7.19-

7.13 (m, 2H), 7.13-7.07 (m, 1H), 7.05 (d, J = 2.2 Hz, 1H), 

7.02-6.92 (m, 4H), 6.92-6.83 (m, 3H), 6.43 (d, J = 7.8 Hz, 

1H), 5.46-5.37 (m, 1H), 5.02 (d, J = 8.2 Hz, 1H), 4.55 (dd, J = 9.0, 4.4 Hz, 1H), 3.16 

(d, J = 10.3 Hz, 1H), 3.00 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 195.1, 175.2, 170.1, 

147.8, 142.9, 139.4, 134.8, 131.7, 130.8, 130.0, 129.6, 129.5, 129.3, 128.7, 128.7, 

128.5, 128.2, 128.2, 127.9, 127.7, 127.7, 126.1, 125.5, 125.3, 124.6, 123.1, 119.5, 

108.3, 71.5, 70.6, 59.1, 49.9, 26.5; HRMS (ESI) m/z Calcd. for C38H28ClN2O4
+ 

([M+H]+) 611.1732, Found 611.1730. 

Compound 5fa 

White solid, 70% yield, 91.8 mg, dr = 10:1; mp 262.5-263.3 

oC; 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.9 Hz, 1H), 

7.89 (d, J = 8.1 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.50-7.38 

(m, 2H), 7.37-7.28 (m, 3H), 7.19-7.04 (m, 4H), 7.02-6.82 (m, 

7H), 6.42 (d, J = 7.8 Hz, 1H), 5.42 (d, J = 4.2 Hz, 1H), 5.02 (t, 

J = 10.0 Hz, 1H), 4.55 (dd, J = 8.9, 4.3 Hz, 1H), 3.15 (d, J = 

12.5 Hz, 1H), 2.99 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 195.3, 175.2, 170.1, 147.8, 

142.9, 135.2, 134.8, 131.6, 131.2, 130.9, 130.0, 129.7, 129.5, 129.4, 128.7, 128.5, 

128.2, 128.0, 127.9, 127.7, 127.7, 126.1, 125.5, 125.3, 124.6, 123.1, 119.5, 108.3, 

71.5, 70.6, 59.1, 49.9, 26.5; HRMS (ESI) m/z Calcd. for C38H28BrN2O4
+ ([M+H]+) 

655.1227, Found 655.1224. 

Compound 5ga 

White solid, 66% yield, 80.1 mg, dr = 9:1; mp 191.2-192.0 

oC; 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.8 Hz, 1H), 

7.90 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 8.3 Hz, 1H), 7.50-7.39 

(m, 2H), 7.39-7.30 (m, 3H), 7.12-7.03 (m, 2H), 7.03-6.93 

(m, 4H), 6.92-6.81 (m, 3H), 6.66 (d, J = 8.6 Hz, 2H), 6.42 
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(d, J = 7.8 Hz, 1H), 5.44 (d, J = 4.1 Hz, 1H), 5.04 (s, 1H), 4.58 (dd, J = 8.9, 4.2 Hz, 

1H), 3.78 (s, 3H), 3.17 (s, 1H), 3.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 194.4, 

175.5, 170.3, 163.5, 147.8, 142.9, 134.9, 131.6, 130.8, 130.3, 130.0, 129.4, 129.3, 

129.3, 128.9, 128.7, 128.5, 128.2, 127.9, 127.8, 127.7, 126.0, 125.5, 125.4, 124.6, 

122.9, 119.5, 113.2, 108.2, 71.7, 70.9, 58.5, 55.5, 50.2, 26.5; HRMS (ESI) m/z Calcd. 

for C39H31N2O5
+ ([M+H]+) 607.2227, Found 607.2224. 

Compound 5ha 

White solid, 64% yield, 83.9 mg, dr > 20:1; mp 230.8-231.4 

oC; 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 1.7 Hz, 1H), 7.89 

(d, J = 8.9 Hz, 1H), 7.60 (d, J = 9.0 Hz, 1H), 7.50 (d, J = 8.9 Hz, 

1H), 7.41-7.34 (m, 2H), 7.30-7.26 (m, 2H), 7.21-7.14 (m, 2H), 

7.10-7.05 (m, 2H), 7.04-6.92 (m, 4H), 6.90-6.82 (m, 3H), 6.35 (d, 

J = 7.8 Hz, 1H), 5.46 (d, J = 4.4 Hz, 1H), 5.00 (t, J = 10.2 Hz, 

1H), 4.58 (dd, J = 9.0, 4.4 Hz, 1H), 3.14 (d, J = 12.8 Hz, 1H), 2.94 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 196.2, 175.2, 169.9, 148.1, 143.0, 136.4, 134.6, 132.8, 132.7, 

131.0, 130.5, 129.8, 129.5, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0 127.9, 127.8, 

126.4, 125.6, 125.4, 123.0, 120.7, 120.2, 108.2, 71.4, 70.6, 59.2, 49.8, 26.4; HRMS 

(ESI) m/z Calcd. for C38H28BrN2O4
+ ([M+H]+) 655.1227, Found 655.1224. 

Compound 5ia 

White solid, 58% yield, 76.0 mg, dr = 9:1; mp 220.6-221.3 

oC; 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.9 Hz, 1H), 7.88 

(d, J = 1.2 Hz, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.51-7.43 (m, 2H), 

7.40-7.34 (m, 1H), 7.30-7.26 (m, 2H), 7.21-7.14 (m, 2H), 7.11-

6.96 (m, 6H), 6.93-6.85 (m, 3H), 6.35 (d, J = 7.8 Hz, 1H), 5.46 

(d, J = 4.3 Hz, 1H), 5.03 (t, J = 9.1 Hz, 1H), 4.58 (dd, J = 9.0, 4.4 

Hz, 1H), 3.14 (d, J = 12.7 Hz, 1H), 2.95 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.2, 

175.2, 169.8, 148.7, 142.9, 136.4, 134.7, 132.8, 131.2, 130.7, 130.1, 130.0, 129.5, 

129.5, 128.5, 128.5, 128.3, 128.0, 128.0, 127.9, 127.8, 126.9, 125.4, 124.6, 123.0, 

122.3, 119.9, 108.2, 71.3, 70.6, 59.2, 49.9, 26.4; HRMS (ESI) m/z Calcd. for 

C38H28BrN2O4
+ ([M+H]+) 655.1227, Found 655.1224. 

Compound 5ja 

White solid, 62% yield, 75.2 mg, dr = 12:1; mp 270.3-270.9 

oC; 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.7 Hz, 1H), 

7.76 (d, J = 8.9 Hz, 1H), 7.40-7.35 (m, 1H), 7.33 (d, J = 8.7 Hz, 

1H), 7.31-7.27 (m, 2H), 7.21-7.14 (m, 2H), 7.09-7.05 (m, 2H), 
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7.05-6.91 (m, 8H), 6.90-6.85 (m, 1H), 6.35 (d, J = 7.6 Hz, 1H), 5.49 (d, J = 3.1 Hz, 

1H), 5.03 (dd, J = 11.9, 10.2 Hz, 1H), 4.62 (dd, J = 8.2, 3.4 Hz, 1H), 3.55 (s, 3H), 

3.22 (d, J = 13.7 Hz, 1H), 2.95 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.2, 175.3, 

170.2, 159.1, 148.6, 143.0, 136.5, 135.1, 132.8, 131.2, 130.5, 130.0, 129.5, 129.4, 

129.3, 128.4, 128.2, 127.9, 127.9, 127.7, 127.0, 125.6, 124.0, 123.0, 118.9, 117.0, 

108.2, 102.8, 71.4, 70.6, 59.3, 55.2, 49.8, 26.4; HRMS (ESI) m/z Calcd. for 

C39H31N2O5
+ ([M+H]+) 607.2227, Found 607.2228. 

Compound 5ka 

White solid, 72% yield, 88.0 mg, dr = 12:1; mp 272.3-273.6 

oC; 1H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 8.8 Hz, 1H), 

7.91 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.46 (dd, J 

= 16.6, 8.4 Hz, 2H), 7.39-7.32 (m, 2H), 7.27 (d, J = 7.8 Hz, 

2H), 7.20-7.14 (m, 2H), 7.09-7.04 (m, 1H), 7.01 (d, J = 1.6 

Hz, 1H), 6.96-6.91 (m, 3H), 6.88-6.83 (m, 1H), 6.81 (d, J = 

8.5 Hz, 2H), 6.34 (d, J = 7.8 Hz, 1H), 5.47 (d, J = 4.3 Hz, 

1H), 5.02 (t, J = 10.4 Hz, 1H), 4.59 (dd, J = 9.0, 4.3 Hz, 1H), 3.11 (d, J = 13.1 Hz, 

1H), 2.94 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 196.2, 175.3, 170.0, 147.8, 142.9, 

136.4, 133.6, 133.4, 132.8, 131.6, 131.0, 129.9, 129.8, 129.5, 128.6, 128.5, 128.2, 

128.0, 127.9, 127.9, 127.8, 126.2, 125.4, 124.8, 124.4, 123.0, 119.5, 108.2, 71.5, 70.5, 

59.1, 49.8, 26.4; HRMS (ESI) m/z Calcd. for C38H28ClN2O4
+ ([M+H]+) 611.1732, 

Found 611.1729. 

Compound 5la 

White solid, 74% yield, 97.0 mg, dr = 10:1; mp 214.5-215.3 

oC; 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.9 Hz, 1H), 7.83-

7.76 (m, 2H), 7.48-7.32 (m, 5H), 7.32-7.23 (m, 3H), 7.21-7.13 

(m, 2H), 7.11-7.01 (m, 1H), 6.95 (d, J = 7.4 Hz, 1H), 6.90-6.77 

(m, 3H), 6.77-6.69 (m, 1H), 6.33 (d, J = 7.8 Hz, 1H), 5.48 (d, J = 

4.4 Hz, 1H), 5.03 (t, J = 7.4 Hz, 1H), 4.60 (dd, J = 9.1, 4.5 Hz, 

1H), 3.09 (d, J = 10.5 Hz, 1H), 2.92 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 196.3, 175.3, 170.1, 148.3, 143.0, 136.5, 135.5, 132.8, 132.2, 131.8, 131.4, 

130.7, 130.2, 130.0, 129.6, 129.4, 129.1, 128.3, 128.1, 127.9, 127.9, 127.6, 126.9, 

126.0, 125.5, 124.6, 124.4, 123.7, 122.8, 119.0, 108.1, 70.8, 70.6, 59.2, 49.7, 26.4; 

HRMS (ESI) m/z Calcd. for C38H28BrN2O4
+ ([M+H]+) 655.1227, Found 655.1226. 
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Compound 5ma 

White solid, 67% yield, 81.9 mg, dr = 11:1; mp 271.3-271.8 

oC; 1H NMR (600 MHz, CDCl3) δ 7.91 (d, J = 8.8 Hz, 1H), 7.81 

(d, J = 7.8 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.43 (d, J = 8.8 Hz, 

1H), 7.41-7.33 (m, 3H), 7.32-7.26 (m, 3H), 7.20-7.15 (m, 3H), 

7.09-7.04 (m, 1H), 6.95 (d, J = 7.4 Hz, 1H), 6.92-6.88 (m, 1H), 

6.87-6.83 (m, 1H), 6.80 (d, J = 7.3 Hz, 1H), 6.70-6.65 (m, 1H), 

6.33 (d, J = 7.8 Hz, 1H), 5.53-5.42 (m, 1H), 5.04 (t, J = 9.9 Hz, 

1H), 4.61 (dd, J = 9.1, 4.4 Hz, 1H), 3.11 (d, J = 12.5 Hz, 1H), 2.92 (s, 3H); 13C NMR 

(151 MHz, CDCl3) δ 196.3, 175.3, 170.1, 148.3, 143.0, 136.5, 133.7, 133.4, 132.8, 

131.8, 131.5, 130.8, 130.1, 129.8, 129.4, 129.0, 129.0, 128.4, 128.0, 127.9, 127.9, 

127.6, 127.3, 126.3, 126.0, 125.4, 124.7, 124.3, 122.9, 119.1, 108.2, 71.0, 70.6, 59.2, 

49.7, 26.4; HRMS (ESI) m/z Calcd. for C38H28ClN2O4
+ ([M+H]+) 611.1732, Found 

611.1725. 

Compound 5na 

White solid, 58% yield, 70.4 mg, dr = 10:1; mp 268.8-269.5 

oC; 1H NMR (600 MHz, CDCl3) δ 7.92 (d, J = 8.8 Hz, 1H), 7.83 

(d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.8 Hz, 

1H), 7.41-7.34 (m, 3H), 7.33-7.26 (m, 3H), 7.20-7.13 (m, 2H), 

7.08-7.03 (m, 1H), 6.98-6.93 (m, 2H), 6.87-6.82 (m, 1H), 6.67 

(dd, J = 13.5, 8.0 Hz, 2H), 6.38-6.30 (m, 2H), 5.48 (d, J = 4.4 Hz, 

1H), 5.06-4.98 (m, 1H), 4.58 (dd, J = 9.1, 4.4 Hz, 1H), 3.77 (s, 

3H), 3.19 (d, J = 13.3 Hz, 1H) , 2.92 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 196.4, 

175.4, 170.4, 157.1, 148.1, 143.0, 136.6, 132.7, 131.6, 130.4, 130.1, 129.4, 129.1, 

128.9, 128.6, 128.3, 128.1, 127.9, 127.9, 127.4, 125.8, 125.8, 125.5, 125.3, 124.7, 

124.1, 122.9, 120.0, 119.2, 110.1, 108.1, 71.5, 70.7, 59.4, 55.3, 49.9, 26.4; HRMS 

(ESI) m/z Calcd. for C39H31N2O5
+ ([M+H]+) 607.2227, Found 607.2235. 

Compound 6 

White solid, 82% yield, 54.4 mg; mp 210.2-210.9 oC; 1H NMR (600 

MHz, CDCl3) δ 8.07 (s, 1H), 8.04 (d, J = 8.8 Hz, 1H), 7.90 (d, J = 

8.2 Hz, 1H), 7.84 (d, J = 3.5 Hz, 2H), 7.78 (d, J = 8.5 Hz, 1H), 

7.61-7.58 (m, 3H), 7.56 (d, J = 8.9 Hz, 1H), 7.47-7.39 (m, 5H), 

7.39-7.35 (m, 1H), 7.30-7.26 (m, 1H), 7.24-7.17 (m, 4H), 7.14-7.09 

(m, 2H), 7.06-7.00 (m, 4H), 5.55 (d, J = 7.7 Hz, 1H), 5.32 (d, J = 

7.7 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 193.7, 176.8, 168.4, 
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166.1, 156.5, 146.9, 139.9, 136.8, 136.1, 133.9, 133.8, 132.0, 131.6, 131.3, 130.2, 

129.9, 129.9, 129.7, 129.6, 128.5, 128.5, 128.3, 127.9, 126.8, 126.6, 125.7, 125.6, 

124.6, 123.4, 120.4, 119.1, 85.3, 56.1, 55.8; HRMS (ESI) m/z Calcd. for C44H30N3O4
+ 

([M+H]+) 664.2231, Found 664.2226. 

Compound 7 

Yellow solid, 86% yield, 63.8 mg; mp 261.6-262.4 oC; 1H 

NMR (600 MHz, CDCl3) δ 8.42 (d, J = 7.2 Hz, 2H), 7.97 (d, J 

= 8.8 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 8.3 Hz, 

1H), 7.66-7.57 (m, 3H), 7.52 (d, J = 8.1 Hz, 2H), 7.49-7.38 (m, 

9H), 7.38-7.32 (m, 3H), 7.27-7.24 (m, 2H), 7.16-7.10 (m, 2H), 

7.09-7.00 (m, 3H), 6.96 (d, J = 7.4 Hz, 2H), 5.63 (d, J = 7.8 

Hz, 1H), 5.52 (d, J = 4.8 Hz, 1H), 4.58 (dd, J = 9.7, 4.8 Hz, 

1H), 2.77 (d, J = 4.1 Hz, 1H); 13C NMR (151 MHz, CDCl3) δ 195.3, 173.3, 170.9, 

155.8, 147.3, 146.3, 139.7, 137.2, 135.1, 135.0, 131.6, 131.3, 130.6, 130.4, 130.1, 

129.5, 129.2, 129.0, 128.9, 128.8, 128.7, 128.5, 128.3, 128.0, 127.8, 127.7, 127.4, 

127.3, 126.8, 126.2, 125.4, 125.3, 124.7, 119.2, 118.8, 72.3, 65.8, 56.2, 47.2; HRMS 

(ESI) m/z Calcd. for C50H35N3NaO4
+ ([M+Na]+) 764.2520, Found 764.2520. 

Compound 8 

Yellow solid, 90% yield, 68.9 mg; mp 280.3-281.4 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.43 (d, J = 6.0 Hz, 2H), 7.97 (d, 

J = 8.8 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 8.3 

Hz, 1H), 7.68-7.60 (m, 3H), 7.60-7.51 (m, 4H), 7.49-7.29 

(m, 12H), 7.20-7.12 (m, 2H), 7.10-7.01 (m, 3H), 6.98 (d, J 

= 6.8 Hz, 2H), 5.65 (d, J = 7.5 Hz, 1H), 5.52 (d, J = 4.9 Hz, 

1H), 4.53 (dd, J = 9.6, 5.0 Hz, 1H), 2.79 (d, J = 3.8 Hz, 1H); 

13C NMR (151 MHz, CDCl3) δ 194.8, 173.2, 170.9, 155.6, 147.2, 137.1, 135.3, 135.1, 

131.8, 131.6, 131.3, 131.3, 130.7, 130.3, 130.1, 129.4, 129.3, 128.9, 128.8, 128.7, 

128.5, 128.3, 128.3, 128.0, 127.8, 127.7, 127.3, 126.2, 125.6, 125.3, 124.6, 122.6, 

119.1, 119.0, 93.0, 88.5, 72.2, 65.7, 55.9, 47.4; HRMS (ESI) m/z Calcd. for 

C52H35N3NaO4
+ ([M+Na]+) 788.2520, Found 788.2514. 

Compound 9 

White solid, 88% yield, 65.7 mg; mp 270.8-271.5 oC; 1H NMR 

(400 MHz, CDCl3) δ 8.26 (dd, J = 6.5, 2.8 Hz, 2H), 7.98-7.87 

(m, 4H), 7.72 (d, J = 8.3 Hz, 1H), 7.58-7.53 (m, 3H), 7.49-7.42 

(m, 3H), 7.40-7.35 (m, 1H), 7.33 (d, J = 8.9 Hz, 1H), 7.27-7.22 
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(m, 3H), 7.09-6.99 (m, 4H), 6.99-6.90 (m, 4H), 5.54 (dd, J = 9.8, 2.0 Hz, 1H), 4.85-

4.73 (m, 1H), 4.43 (dd, J = 8.4, 5.8 Hz, 1H), 3.57 (dd, J = 9.5, 5.7 Hz, 1H), 2.70 (d, J 

= 4.1 Hz, 1H), 2.59 (d, J = 6.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 175.2, 169.9, 

157.9, 147.2, 139.6, 137.7, 135.0, 131.5, 130.9, 130.6, 130.2, 130.1, 129.5, 128.9, 

128.8, 128.8, 128.5, 128.3, 128.1, 127.9, 127.7, 127.6, 126.1, 125.6, 125.2, 124.6, 

122.4, 119.0, 73.1, 72.9, 65.5, 52.2, 48.6; HRMS (ESI) m/z Calcd. for 

C44H32BrN3NaO4
+ ([M+Na]+) 768.1468, Found 768.1457. 

Compound 10 

White solid, 93% yield, 58.3 mg; mp 224.3-224.9 oC; 1H 

NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.9 Hz, 1H), 7.93 (d, 

J = 8.1 Hz, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.53-7.46 (m, 2H), 

7.43 (s, 1H), 7.39 (dd, J = 11.4, 7.4 Hz, 2H), 7.30 (d, J = 7.4 

Hz, 2H), 7.24-7.11 (m, 3H), 6.97 (d, J = 7.2 Hz, 1H), 6.94-

6.80 (m, 5H), 6.37 (d, J = 7.7 Hz, 1H), 6.29 (s, 1H), 5.36 (d, J = 6.5 Hz, 1H), 4.80-

4.57 (m, 2H), 2.65 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 195.9, 175.1, 169.0, 147.0, 

143.5, 136.6, 133.4, 133.3, 132.9, 131.6, 130.6, 130.1, 130.1, 129.8, 128.5, 128.4, 

128.2, 128.1, 128.0, 128.0, 127.9, 126.8, 126.3, 124.8, 124.6, 123.3, 122.9, 119.4, 

108.1, 74.6, 72.7, 51.9, 44.0, 26.3; HRMS (ESI) m/z Calcd. for C38H27ClN2NaO5
+ 

([M+Na]+) 649.1501, Found 649.1504. 

5. General procedure for catalytic kinetic resolution of (±)-3/5 

 

A reaction tube was charged with (±)-5/3 (1.0 equiv, 0.1 mmol) and DCM (1 mL), 

then benzyl alcohol (1.0 equiv, 0.1 mmol) and C4 (0.1 equiv, 0.01 mmol) were added. 

The reaction was stirred at room temperature for 120 h, then the crude product was 

purified by column chromatography on silica gel to afford the corresponding 11/12 

and the enantioenriched compound (–)-5/(–)-3. 
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KR-Compound (–)-5aa 

Prepared according to the procedure within 120 h as white solid (24.8 

mg, 43% yield); [𝛼]𝐷
18= -81.96 (c 0.33, CH2Cl2); Enantiomeric excess 

was determined to be 87% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, 

tmajor = 36.6 min, tminor = 18.2 min). 

 

 

KR-Compound 11a 

Prepared according to the procedure within 120 h as yellow solid (32.2 mg, 45% yield, 

dr > 20:1); mp 115.3-116.3 oC; [𝛼]𝐷
18= 45.97 (c 0.30, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 7.79-7.73 (m, 2H), 7.70 (d, J = 8.7 Hz, 1H), 7.47 (s, 1H), 7.40-7.34 (m, 1H), 

7.31-7.24 (m, 4H), 7.22-7.16 (m, 3H), 7.13 (d, J = 8.5 Hz, 2H), 7.10-6.99 (m, 5H), 

6.98-6.87 (m, 4H), 6.74 (d, J = 8.6 Hz, 2H), 6.34 (d, J = 7.7 Hz, 1H), 5.16 (d, J = 8.3 

Hz, 1H), 5.00 (d, J = 9.0 Hz, 1H), 4.96 (d, J = 12.1 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 



S30 
 

4.42 (t, J = 8.6 Hz, 1H), 3.73 (s, 3H), 2.82 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

196.3, 176.0, 172.0, 159.6, 151.5, 142.6, 136.8, 135.9, 135.7, 133.1, 132.8, 132.4, 

130.2, 130.1, 129.5, 129.3, 128.6, 128.6, 128.4, 128.2, 128.1, 128.0, 127.9, 127.8, 

127.3, 126.7, 124.9, 124.3, 123.2, 118.9, 117.8, 113.9, 108.1, 69.2, 67.3, 66.6, 58.8, 

55.2, 49.9, 26.2; HRMS (ESI) m/z Calcd. for C46H38N2NaO6
+ ([M+Na]+) 737.2622, 

Found 737.2623; Enantiomeric excess was determined to be 95% (determined by 

HPLC using chiral IF column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 43.1 min, tminor = 39.6 min). 

 

 

KR-Compound (–)-5aa 

Prepared according to the procedure within 120 h as white solid (28.8 

mg, 50% yield); [𝛼]𝐷
18= -85.58 (c 0.10, CH2Cl2); Enantiomeric excess 

was determined to be 81% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, 

tmajor = 31.3 min, tminor = 16.4 min). 
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KR-Compound 11b 

Prepared according to the procedure within 120 h as white solid (29.3 mg, 41% yield, 

dr > 20:1); mp 117.4-118.4 oC; [𝛼]𝐷
18= 24.55 (c 0.11, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.79-7.74 (m, 2H), 7.71-7.68 (m, 1H), 7.50 (s, 1H), 7.41-7.37 (m, 1H), 7.32-

7.27 (m, 4H), 7.22-7.15 (m, 4H), 7.13-7.09 (m, 1H), 7.07-7.03 (m, 2H), 7.03-6.99 (m, 

2H), 6.94-6.90 (m, 3H), 6.81-6.75 (m, 3H), 6.37 (d, J = 7.7 Hz, 1H), 5.19 (d, J = 8.3 

Hz, 1H), 5.03 (d, J = 9.0 Hz, 1H), 4.99 (d, J = 12.5 Hz, 1H), 4.66 (d, J = 12.5 Hz, 1H), 

4.43 (t, J = 8.6 Hz, 1H), 3.72 (s, 3H), 2.84 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

196.4, 176.1, 171.9, 159.7, 151.4, 142.6, 136.7, 136.7, 135.8, 135.7, 133.2, 132.8, 

132.4, 130.2, 129.5, 129.3, 128.8, 128.5, 128.4, 128.1, 128.0, 127.8, 127.8, 126.7, 

124.9, 124.3, 123.2, 123.2, 120.4, 118.9, 117.6, 114.4, 113.1, 108.1, 69.1, 67.2, 66.5, 

58.7, 55.2, 49.8, 26.2; HRMS (ESI) m/z Calcd. for C46H38N2NaO6
+ ([M+Na]+) 

737.2622, Found 737.2623; Enantiomeric excess was determined to be 84% 
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(determined by HPLC using chiral IF column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 32.3 min, tminor = 37.4 min). 

 

 
KR-Compound (–)-5ba 

Prepared according to the procedure within 120 h as white solid 

(23.6 mg, 40% yield); [𝛼]𝐷
18 = -103.61 (c 0.53, CH2Cl2); 

Enantiomeric excess was determined to be 83% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 26.4 min, tminor = 14.7 min). 
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KR-Compound 11c 

Prepared according to the procedure within 120 h as yellow solid (34.3 mg, 47% yield, 

dr > 20:1); mp 128.3-129.2 oC; [𝛼]𝐷
18= 48.70 (c 0.46, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 7.78-7.72 (m, 2H), 7.71-7.65 (m, 1H), 7.59 (s, 1H), 7.41 (d, J = 7.3 Hz, 1H), 

7.27-7.15 (m, 7H), 7.10-6.88 (m, 10H), 6.74 (d, J = 8.6 Hz, 2H), 6.46 (d, J = 7.8 Hz, 

1H), 5.18 (d, J = 10.2 Hz, 1H), 5.02 (d, J = 10.0 Hz, 1H), 4.85 (d, J = 12.0 Hz, 1H), 

4.55 (d, J = 12.0 Hz, 1H), 4.44 (t, J = 10.0 Hz, 1H), 3.74 (s, 3H), 2.65 (s, 3H), 1.57 (s, 

3H); 13C NMR (151 MHz, CDCl3) δ 198.3, 175.7, 171.9, 159.6, 151.7, 142.9, 138.7, 

136.4, 136.0, 135.8, 134.3, 132.2, 131.5, 131.0, 130.2, 130.1, 129.8, 129.3, 129.0, 

128.6, 128.4, 128.1, 127.8, 127.2, 126.6, 125.1, 124.7, 124.5, 123.3, 123.1, 119.0, 

117.7, 113.8, 108.4, 68.7, 67.3, 65.6, 60.0, 55.2, 49.3, 26.0, 19.5; HRMS (ESI) m/z 

Calcd. for C47H40N2NaO6
+ ([M+Na]+) 751.2779, Found 751.2777; Enantiomeric 

excess was determined to be 93% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 80/20, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 25.9 min, tminor = 

24.3 min). 
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KR-Compound (–)-5ca 

Prepared according to the procedure within 120 h as white solid 

(27.2 mg, 46% yield);  [𝛼]𝐷
18 = -91.62 (c 0.57, CH2Cl2); 

Enantiomeric excess was determined to be 75% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ 

= 254 nm, 30 oC, 0.8 mL/min, tmajor = 20.7 min, tminor = 17.1 min). 
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KR-Compound 11d 

Prepared according to the procedure within 120 h as light yellow solid (32.1 mg, 44% 

yield, dr > 20:1); mp 127.7-128.6 oC; [𝛼]𝐷
18= 49.54 (c 0.54, CH2Cl2); 1H NMR (400 

MHz, CDCl3) δ 7.83-7.65 (m, 3H), 7.48-7.40 (m, 1H), 7.28-6.96 (m, 15H), 6.94-6.85 

(m, 3H), 6.75 (d, J = 4.1 Hz, 2H), 6.34 (d, J = 4.6 Hz, 1H), 5.14 (d, J = 4.8 Hz, 1H), 

5.04-4.91 (m, 2H), 4.68 (d, J = 11.0 Hz, 1H), 4.45-4.33 (m, 1H), 3.73 (s, 3H), 2.84 (s, 

3H), 2.22 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.7, 176.2, 172.3, 159.6, 151.4, 

142.7, 137.9, 136.9, 135.7, 135.6, 133.5, 133.2, 132.4, 130.2, 129.3, 129.0, 128.5, 

128.4, 128.3, 128.1, 127.8, 127.8, 127.3, 126.7, 125.0, 124.9, 124.3, 123.2, 123.2, 

118.9, 117.9, 113.9, 108.0, 69.2, 67.3, 66.7, 59.1, 55.2, 50.0, 26.1, 21.1; HRMS (ESI) 

m/z Calcd. for C47H40N2NaO6
+ ([M+Na]+) 751.2779, Found 751.2783; Enantiomeric 

excess was determined to be 95% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 15.4 min, tminor = 

24.6 min). 
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KR-Compound (–)-5ea 

Prepared according to the procedure within 120 h as white solid 

(29.3 mg, 48% yield); [𝛼]𝐷
18 = -64.10 (c 0.61, CH2Cl2); 

Enantiomeric excess was determined to be 74% (determined by 

HPLC using chiral IA column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 29.7 min, tminor = 17.4 min). 
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KR-Compound 11e 

Prepared according to the procedure within 120 h as light yellow solid (32.2 mg, 43% 

yield, dr > 20:1); mp 138.8-139.7 oC; [𝛼]𝐷
18= 33.69 (c 0.47, CH2Cl2); 1H NMR (400 

MHz, CDCl3) δ 7.80-7.74 (m, 2H), 7.71-7.64 (m, 1H), 7.45 (s, 1H), 7.30-7.23 (m, 5H), 

7.22-7.17 (m, 3H), 7.14-7.09 (m, 3H), 7.07-6.98 (m, 4H), 6.94-6.89 (m, 3H), 6.74 (d, 

J = 8.6 Hz, 2H), 6.43 (d, J = 7.8 Hz, 1H), 5.11 (d, J = 8.5 Hz, 1H), 4.98 (d, J = 9.0 Hz, 

1H), 4.93 (d, J = 12.0 Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 4.39 (t, J = 8.7 Hz, 1H), 

3.75 (s, 3H), 2.90 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 195.2, 176.0, 171.8, 159.7, 

151.5, 142.5, 139.3, 135.9, 135.6, 135.0, 133.2, 132.3, 130.2, 130.2, 129.6, 129.3, 

129.3, 128.7, 128.5, 128.4, 128.3, 128.1, 127.8, 127.1, 126.7, 125.0, 124.3, 123.3, 

123.2, 118.9, 117.7, 113.8, 108.2, 69.1, 67.3, 66.4, 58.5, 55.2, 50.1, 26.3; HRMS (ESI) 

m/z Calcd. for C46H38ClN2O6
+ ([M+H]+) 749.2413, Found 749.2417; Enantiomeric 

excess was determined to be 95% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 16.0 min, tminor = 

21.6 min). 
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KR-Compound (–)-5ga 

Prepared according to the procedure within 120 h as white 

solid (29.1 mg, 48% yield); [𝛼]𝐷
18= -48.58 (c 0.42, CH2Cl2); 

Enantiomeric excess was determined to be 55% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, 

λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 41.8 min, tminor = 19.8 

min). 
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KR-Compound 11f 

Prepared according to the procedure within 120 h as yellow solid (27.6 mg, 37% yield, 

dr > 20:1); mp 122.5-123.4 oC; [𝛼]𝐷
18= 24.37 (c 0.12, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.78-7.74 (m, 2H), 7.71-7.68 (m, 1H), 7.45 (s, 1H), 7.37 (d, J = 8.8 Hz, 2H), 

7.30-7.26 (m, 2H), 7.20 (d, J = 8.9 Hz, 1H), 7.14-6.98 (m, 8H), 6.93-6.89 (m, 3H), 

6.74 (d, J = 8.6 Hz, 2H), 6.70 (d, J = 8.8 Hz, 2H), 6.43 (d, J = 7.6 Hz, 1H), 5.12 (d, J 

= 8.3 Hz, 1H), 4.98 (d, J = 9.0 Hz, 1H), 4.94 (d, J = 12.0 Hz, 1H), 4.65 (d, J = 12.0 

Hz, 1H), 4.42 (t, J = 8.6 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 3H), 2.93 (s, 3H); 13C NMR 

(151 MHz, CDCl3) δ 194.4, 176.3, 172.2, 163.4, 159.6, 151.4, 142.5, 135.7, 135.7, 

133.3, 132.3, 130.3, 130.2, 130.1, 129.6, 129.3, 129.3, 128.9, 128.7, 128.5, 128.4, 

128.1, 127.8, 127.2, 126.7, 125.0, 124.3, 123.2, 118.9, 117.9, 113.8, 113.2, 108.0, 

69.4, 67.2, 66.6, 58.1, 55.4, 55.2, 50.2, 26.3; HRMS (ESI) m/z Calcd. for 

C47H40N2NaO7
+ ([M+Na]+) 767.2728, Found 767.2733; Enantiomeric excess was 

determined to be 97% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 17.9 min, tminor = 32.3 min). 

 

   

 

 

 



S40 
 

 

KR-Compound (–)-5ia  

Prepared according to the procedure within 120 h as white solid 

(28.2 mg, 43% yield); [𝛼]𝐷
18 = -35.00 (c 0.08, CH2Cl2); 

Enantiomeric excess was determined to be 93% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 36.8 min, tminor = 18.4 min). 

 

 

KR-Compound 11g 

Prepared according to the procedure within 120 h as light yellow solid (34.9 mg, 44% 

yield, dr > 20:1); mp 130.2-131.2 oC; [𝛼]𝐷
18= 17.07 (c 0.33, CH2Cl2); 1H NMR (600 

MHz, CDCl3) δ 7.86-7.83 (m, 1H), 7.71 (d, J = 8.9 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H), 

7.41 (s, 1H), 7.40-7.36 (m, 1H), 7.33-7.29 (m, 3H), 7.24-7.19 (m, 3H), 7.14-7.09 (m, 
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4H), 7.06-6.95 (m, 5H), 6.89 (d, J = 7.3 Hz, 2H), 6.76 (d, J = 8.6 Hz, 2H), 6.38 (d, J = 

7.7 Hz, 1H), 5.16 (d, J = 8.3 Hz, 1H), 5.02 (d, J = 9.0 Hz, 1H), 4.87 (d, J = 12.0 Hz, 

1H), 4.51 (d, J = 12.0 Hz, 1H), 4.38 (t, J = 8.7 Hz, 1H), 3.75 (s, 3H), 2.85 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 196.4, 176.0, 171.6, 159.6, 153.0, 142.6, 136.7, 136.4, 

135.6, 133.7, 132.8, 132.3, 130.6, 130.1, 130.1, 129.9, 129.6, 128.6, 128.5, 128.1, 

128.0, 127.9, 127.6, 127.3, 126.7, 126.4, 124.8, 123.4, 121.1, 119.6, 116.7, 113.9, 

108.1, 68.9, 67.1, 66.2, 58.3, 55.2, 49.3, 26.2; HRMS (ESI) m/z Calcd. for 

C46H37BrN2NaO6
+ ([M+Na]+) 815.1727, Found 815.1726; Enantiomeric excess was 

determined to be 77% (determined by HPLC using chiral IF column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 33.2 min, tminor = 30.5 min). 

 
KR-Compound (–)-5ka 

Prepared according to the procedure within 120 h as white solid 

(25.7 mg, 42% yield); [𝛼]𝐷
18 = -106.32 (c 0.57, CH2Cl2); 

Enantiomeric excess was determined to be 90% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ 
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= 254 nm, 30 oC, 0.8 mL/min, tmajor = 29.4 min, tminor = 25.8 min). 

 

 

KR-Compound 11h 

Prepared according to the procedure within 120 h as white solid (33.7 mg, 45% yield, 

dr > 20:1); mp 132.1-132.9 oC; [𝛼]𝐷
18= 22.80 (c 0.25, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.79-7.75 (m, 2H), 7.66-7.63 (m, 1H), 7.40-7.36 (m, 2H), 7.31-7.26 (m, 4H), 

7.22-7.18 (m, 3H), 7.15 (d, J = 8.6 Hz, 2H), 7.10-7.06 (m, 1H), 7.01 (d, J = 7.2 Hz, 

1H), 6.96 (d, J = 8.6 Hz, 2H), 6.91-6.88 (m, 1H), 6.82-6.79 (m, 2H), 6.75-6.72 (m, 

2H), 6.35 (d, J = 7.8 Hz, 1H), 5.17 (d, J = 8.4 Hz, 1H), 4.97 (t, J = 11.2 Hz, 2H), 4.64 

(d, J = 12.0 Hz, 1H), 4.41 (t, J = 8.6 Hz, 1H), 3.73 (s, 3H), 2.83 (s, 3H); 13C NMR 

(151 MHz, CDCl3) δ 196.4, 176.3, 172.1, 159.7, 151.5, 142.6, 136.7, 134.5, 134.3, 

134.1, 133.4, 132.8, 132.2, 130.4, 130.2, 129.7, 129.5, 129.3, 128.8, 128.5, 128.3, 

128.0, 127.8, 127.2, 126.8, 124.8, 124.1, 123.3, 123.2, 119.0, 117.5, 113.9, 108.1, 

69.1, 67.4, 66.3, 58.6, 55.2, 50.0, 26.2; HRMS (ESI) m/z Calcd. for C46H37ClN2NaO6
+ 

([M+Na]+) 771.2232, Found 771.2231; Enantiomeric excess was determined to be 91% 
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(determined by HPLC using chiral OD-H column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 12.6 min, tminor = 15.2 min). 

 

KR-Compound (–)-5la 

Prepared according to the procedure within 120 h as white solid 

(30.1 mg, 46% yield); [𝛼]𝐷
18 = -173.51 (c 0.42, CH2Cl2); 

Enantiomeric excess was determined to be 71% (determined by 

HPLC using chiral AD-H+IF column, hexane/2-propanol = 70/30, λ 

= 254 nm, 30 oC, 0.8 mL/min, tmajor = 66.9 min, tminor = 60.3 min). 
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KR-Compound 11i 

Prepared according to the procedure within 120 h as white solid (33.3 mg, 42% yield, 

dr > 20:1); mp 136.4-137.2 oC; [𝛼]𝐷
18= 80.29 (c 0.49, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 7.74-7.65 (m, 4H), 7.45 (d, J = 7.9 Hz, 1H), 7.42-7.38 (m, 1H), 7.36-7.28 

(m, 3H), 7.26-7.21 (m, 3H), 7.17-7.11 (m, 3H), 7.04 (d, J = 8.2 Hz, 2H), 6.98-6.93 (m, 

1H), 6.90-6.83 (m, 1H), 6.73-6.64 (m, 4H), 6.39 (d, J = 7.6 Hz, 1H), 5.24 (d, J = 9.2 

Hz, 1H), 5.11 (d, J = 9.5 Hz, 1H), 4.84 (d, J = 12.0 Hz, 1H), 4.50 (dd, J = 16.0, 6.9 Hz, 

2H), 3.72 (s, 3H), 2.78 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 196.4, 175.9, 171.6, 

159.5, 152.3, 142.5, 136.8, 136.5, 136.5, 136.2, 132.8, 132.5, 132.1, 130.2, 130.0, 

129.6, 129.5, 129.0, 129.0, 128.7, 128.3, 128.1, 127.9, 127.3, 126.7, 126.6, 124.9, 

124.4, 123.9, 123.2, 123.0, 118.9, 116.6, 113.7, 108.1, 69.1, 67.2, 65.5, 58.3, 55.2, 

49.6, 26.1; HRMS (ESI) m/z Calcd. for C46H37BrN2NaO6
+ ([M+Na]+) 815.1727, 

Found 815.1725; Enantiomeric excess was determined to be 94% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 38.0 min, tminor = 29.5 min). 
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KR-Compound (–)-5na 

Prepared according to the procedure within 120 h as white solid 

(31.5 mg, 52% yield); [𝛼]𝐷
18 = -141.36 (c 0.46, CH2Cl2); 

Enantiomeric excess was determined to be 63% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 11.7 min, tminor = 12.9 min). 
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KR-Compound 11j 

Prepared according to the procedure within 120 h as white solid (28.3 mg, 38% yield, 

dr > 20:1); mp 120.5-121.4 oC; [𝛼]𝐷
18= 62.45 (c 0.23, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 7.79-7.70 (m, 2H), 7.69 (d, J = 9.0 Hz, 1H), 7.61 (s, 1H), 7.41-7.34 (m, 1H), 

7.32-7.26 (m, 3H), 7.25-7.05 (m, 9H), 7.04-6.98 (m, 1H), 6.95-6.88 (m, 1H), 6.76 (d, 

J = 8.6 Hz, 3H), 6.62-6.56 (m, 1H), 6.42-6.34 (m, 2H), 5.17 (d, J = 7.9 Hz, 1H), 5.04 

(d, J = 9.2 Hz, 1H), 4.90 (d, J = 12.1 Hz, 1H), 4.61 (d, J = 12.1 Hz, 1H), 4.47-4.39 (m, 

1H), 3.84 (s, 3H), 3.75 (s, 3H), 2.81 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 196.4, 

175.6, 171.9, 159.5, 156.9, 151.9, 142.6, 136.8, 133.2, 132.7, 132.6, 131.4, 130.0, 

129.9, 129.4, 129.1, 129.0, 128.7, 128.6, 128.3, 128.0, 127.9, 127.4, 126.4, 125.1, 

125.0, 124.6, 123.1, 122.9, 120.1, 118.9, 117.6, 113.8, 110.1, 108.1, 69.3, 67.1, 66.9, 

59.0, 55.5, 55.2, 49.5, 26.1; HRMS (ESI) m/z Calcd. for C47H40N2NaO7
+ ([M+Na]+) 

767.2728, Found 767.2729; Enantiomeric excess was determined to be 94% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 

254 nm, 30 oC, 0.8 mL/min, tmajor = 15.6 min, tminor = 24.3 min). 
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KR-Compound (–)-5ac 

Prepared according to the procedure within 120 h as white solid (28.7 

mg, 44% yield); [𝛼]𝐷
18= -78.48 (c 0.45, CH2Cl2); Enantiomeric excess 

was determined to be 74% (determined by HPLC using chiral OD-H 

column, hexane/2-propanol = 80/20, λ = 254 nm, 30 oC, 0.8 mL/min, 

tmajor = 12.8 min, tminor = 20.8 min). 
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KR-Compound 11k  

Prepared according to the procedure within 120 h as light yellow solid (33.2 mg, 42% 

yield, dr > 20:1); mp 129.0-130.0 oC; [𝛼]𝐷
18= 48.71 (c 0.43, CH2Cl2); 1H NMR (400 

MHz, CDCl3) δ 7.92 (s, 1H), 7.80-7.68 (m, 3H), 7.50-7.40 (m, 4H), 7.31-7.26 (m, 2H), 

7.24-7.17 (m, 6H), 7.13-7.06 (m, 3H), 7.06-6.96 (m, 6H), 6.96-6.85 (m, 3H), 6.73 (d, 

J = 8.5 Hz, 2H), 6.33 (d, J = 7.8 Hz, 1H), 5.28 (d, J = 8.6 Hz, 1H), 5.03 (d, J = 8.7 Hz, 

1H), 4.89 (d, J = 12.0 Hz, 1H), 4.81 (d, J = 15.6 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 

4.46 (t, J = 8.8 Hz, 1H), 4.31 (d, J = 15.6 Hz, 1H), 3.75 (s, 3H), 3.14 (s, 1H); 13C 

NMR (101 MHz, CDCl3) δ 196.2, 176.3, 171.9, 159.6, 151.6, 141.9, 136.6, 135.8, 

135.7, 135.0, 133.3, 133.1, 132.3, 130.2, 130.2, 129.4, 129.3, 128.8, 128.8, 128.6, 

128.4, 128.3, 128.1, 127.8, 127.7, 127.3, 127.2, 126.7, 125.2, 124.4, 123.2, 123.2, 

119.0, 117.7, 113.8, 109.3, 69.2, 67.2, 66.3, 57.6, 55.2, 50.4, 44.3; HRMS (ESI) m/z 

Calcd. for C52H43N2O6
+ ([M+H]+) 791.3116, Found 791.3116; Enantiomeric excess 

was determined to be 93% (determined by HPLC using chiral IA column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 21.0 min, tminor = 39.0 min). 
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KR-Compound (–)-3ab 

Prepared according to the procedure within 168 h as white solid 

(34.2 mg, 50% yield); [𝛼]𝐷
18= -10.53 (c 0.49, CH2Cl2); Enantiomeric 

excess was determined to be 50% (determined by HPLC using chiral 

AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 10.2 min, tminor = 6.6 min). 
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KR-Compound 12a  

Prepared according to the procedure within 168 h as white solid (26.3 mg, 32% yield, 

dr > 20:1); mp 125.6-126.6 oC; [𝛼]𝐷
18= -27.44 (c 0.27, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 8.44-8.39 (m, 2H), 7.78-7.73 (m, 2H), 7.62 (dd, J = 8.7, 1.0 Hz, 2H), 7.58 (d, 

J = 8.1 Hz, 1H), 7.42-7.37 (m, 2H), 7.35-7.29 (m, 4H), 7.29-7.25 (m, 2H), 7.21-7.17 

(m, 3H), 7.16-7.05 (m, 8H), 6.98-6.95 (m, 2H), 6.73-6.70 (m, 2H), 5.40 (d, J = 9.5 Hz, 

1H), 5.20-5.03 (m, 2H), 4.88 (d, J = 11.8 Hz, 1H), 4.48 (dd, J = 9.4, 7.5 Hz, 1H), 3.76 

(s, 3H), 2.92 (s, 1H); 13C NMR (151 MHz, CDCl3) δ 195.6, 173.4, 173.3, 164.3 (d, J = 

252.2 Hz), 160.0, 154.1, 151.2, 137.3, 136.5, 136.1, 135.4, 133.4, 131.7, 130.7, 130.2, 

129.5, 129.4, 129.3, 128.7, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0, 126.9, 126.4, 

125.4, 123.4, 123.3, 119.0, 118.8, 118.6, 116.0 (d, J = 21.1 Hz), 114.0, 71.5, 68.2, 

63.1, 56.6, 55.2, 48.6; 19F NMR (377 MHz, CDCl3) δ -108.26; HRMS (ESI) m/z 

Calcd. for C52H41FN3O6
+ ([M+H]+) 822.2974, Found 822.2982; Enantiomeric excess 

was determined to be 95% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 18.9 min, tminor = 

16.4 min). 
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KR-Compound (–)-3ah 

Prepared according to the procedure within 168 h as white solid 

(31.9 mg, 47% yield); [𝛼]𝐷
18= -7.97 (c 0.83, CH2Cl2); Enantiomeric 

excess was determined to be 69% (determined by HPLC using chiral 

AD-H column, hexane/2-propanol = 80/20, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 22.0 min, tminor = 25.8 min). 
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KR-Compound 12b  

Prepared according to the procedure within 168 h as white solid (31.9 mg, 39% yield, 

dr > 20:1); mp 137.3-138.0 oC; [𝛼]𝐷
18= -44.03 (c 0.56, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 8.46-8.40 (m, 2H), 7.77 (d, J = 8.8 Hz, 2H), 7.64 (d, J = 8.3 Hz, 1H), 7.60-

7.53 (m, 3H), 7.52-7.49 (m, 2H), 7.42-7.38 (m, 2H), 7.37-7.34 (m, 2H), 7.31-7.26 (m, 

2H), 7.21 (d, J = 9.0 Hz, 1H), 7.15-7.04 (m, 9H), 7.01-6.97 (m, 2H), 6.72-6.67 (m, 

2H), 5.39 (d, J = 9.5 Hz, 1H), 5.20 (d, J = 7.8 Hz, 1H), 5.10 (d, J = 11.8 Hz, 1H), 4.92 

(d, J = 11.8 Hz, 1H), 4.56 (dd, J = 9.5, 7.8 Hz, 1H), 3.75 (s, 3H), 2.93 (s, 1H), 2.32 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 195.7, 173.4, 173.3, 159.8, 154.9, 151.3, 136.6, 

136.1, 135.6, 135.1, 134.9, 133.8, 133.4, 131.8, 130.8, 130.6, 130.3, 130.1, 129.3, 

129.2, 128.9, 128.5, 128.4, 128.3, 128.1, 128.0, 127.3, 126.9, 126.5, 123.6, 123.3, 

119.1, 118.8, 118.8, 113.9, 71.7, 68.0, 63.1, 56.3, 55.2, 48.5, 21.0; HRMS (ESI) m/z 

Calcd. for C53H44N3O6
+ ([M+H]+) 818.3225, Found 818.3220; Enantiomeric excess 

was determined to be 95% (determined by HPLC using chiral IF column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 41.5 min, tminor = 28.3 min). 
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KR-Compound (–)-3ca 

Prepared according to the procedure within 168 h as white solid 

(31.9 mg, 47% yield); [𝛼]𝐷
18 = -14.36 (c 0.37, CH2Cl2); 

Enantiomeric excess was determined to be 55% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, 

λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 10.7 min, tminor = 9.3 

min). 

 

 

 

 

 

KR-Compound 12c  

Prepared according to the procedure within 168 h as white solid (27.8 mg, 34% yield, 

dr > 20:1); mp 129.9-130.8 oC; [𝛼]𝐷
18= -28.80 (c 0.28, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 8.47-8.41 (m, 2H), 7.76 (d, J = 9.0 Hz, 2H), 7.65-7.51 (m, 7H), 7.40 (s, 1H), 

7.34-7.26 (m, 4H), 7.21-7.17 (m, 2H), 7.16-7.11 (m, 3H), 7.09-7.02 (m, 5H), 7.00-
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6.96 (m, 2H), 6.72-6.66 (m, 2H), 5.36 (d, J = 9.5 Hz, 1H), 5.20 (d, J = 7.7 Hz, 1H), 

5.11 (d, J = 11.8 Hz, 1H), 4.92 (d, J = 11.8 Hz, 1H), 4.62-4.55 (m, 1H), 3.74 (s, 3H), 

2.06 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 195.8,  173.4, 159.8, 155.1, 151.3, 138.2, 

137.4, 136.2, 136.0, 135.6, 134.1, 133.8, 131.8, 130.9, 130.5, 130.3, 130.1, 129.3, 

128.8, 128.7, 128.7, 128.5, 128.3, 128.1, 128.0, 127.3, 126.9, 126.5, 125.3, 125.2, 

123.5, 123.2, 118.9, 118.8, 113.9, 71.7, 68.0, 63.1, 56.4, 55.2, 48.3, 21.0; HRMS (ESI) 

m/z Calcd. for C53H44N3O6
+ ([M+H]+) 818.3225, Found 818.3219; Enantiomeric 

excess was determined to be 97% (determined by HPLC using chiral IA column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 19.9 min, tminor = 

16.1 min). 

 

 

KR-Compound (–)-3ia 

Prepared according to the procedure within 168 h as white solid 

(34.3 mg, 46% yield); [𝛼]𝐷
18 = -10.04 (c 0.44, CH2Cl2); 

Enantiomeric excess was determined to be 81% (determined by 
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HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 17.8 min, tminor = 7.9 min). 

 

 

 

 

 

KR-Compound 12d 

Prepared according to the procedure within 168 h as white solid (34.4 mg, 39% yield, 

dr > 20:1); mp 133.9-134.8 oC; [𝛼]𝐷
18= -47.60 (c 0.46, CH2Cl2); 1H NMR (600 MHz, 

CDCl3) δ 8.43-8.38 (m, 2H), 7.90 (d, J = 2.0 Hz, 1H), 7.67 (d, J = 9.0 Hz, 1H), 7.64-

7.62 (m, 2H), 7.61-7.57 (m, 1H), 7.56-7.48 (m, 3H), 7.41-7.29 (m, 7H), 7.22 (d, J = 

9.0 Hz, 1H), 7.16-7.06 (m, 6H), 7.04 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 7.2 Hz, 2H), 

6.71-6.65 (m, 2H), 5.35 (d, J = 9.4 Hz, 1H), 5.19 (d, J = 7.5 Hz, 1H), 5.07 (d, J = 11.8 

Hz, 1H), 4.89 (d, J = 11.8 Hz, 1H), 4.54 (dd, J = 9.4, 7.5 Hz, 1H), 3.74 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 195.6, 173.5, 173.4, 159.9, 155.1, 151.8, 137.3, 136.5, 

136.4, 135.3, 133.5, 133.1, 131.0, 130.6, 130.4, 130.4, 130.3, 130.2, 130.1, 129.2, 
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128.9, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 127.3, 126.4, 125.5, 125.5, 120.1, 

119.0, 117.0, 114.0, 71.6, 68.1, 63.1, 56.3, 55.2, 48.4; HRMS (ESI) m/z Calcd. for 

C52H41BrN3O6
+ ([M+H]+) 882.2173, Found 882.2178; Enantiomeric excess was 

determined to be 94% (determined by HPLC using chiral IF column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 38.3 min, tminor = 32.2 min). 
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7. NMR spectra for compounds 
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8. X-ray crystal structure of 3ba and 5ba 
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